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Abstract

It is well established that physical activity (PA) is beneficial for overall health and that
physical inactivity increases the risk of development of type 2 diabetes mellitus (T2DM) and
other lifestyle influenced, non-communicable long-term conditions. Importantly, glucose
variability provides important prognostic insight for individual metabolic health prior to the
onset of T2DM and provides valuable information pertaining to glucose control as a
research methodology. Healthy metabolic processes adapt during pregnancy to adequately
provide for the needs of the developing foetus. However, metabolic dysfunction during
pregnancy can lead to gestational diabetes mellitus (GDM). Even though PA has been found
to decrease the risk of GDM, many pregnant women fail to meet recommended PA

guidelines.

Sport England report that between mid-November 2020 and 2021, 61.4% of adult achieved
the recommended PA guidelines, whilst 27.2% of adults were defined as physically inactive
(Sport England, 2021), which may have long term implications for the metabolic health of
the population. Additionally, remote research methodologies that prevent face-to-face
contact and virus transmission during the coronavirus 2019 (COVID-19) pandemic, whilst
also increasing the reach and sample of participants are warranted. Continuous, device-
derived measurement techniques, such as accelerometry and continuous glucose
monitoring (CGM) allow the quantification of the duration and magnitude of daily PA and
glucose control, respectively. Yet, the feasibility and acceptability of remote data collection

for clinical value via these methods remains unknown.

The overarching aim of the body of work described in this thesis was to investigate the

acceptability and feasibility of remote data collection to explore PA and glucose control



across the perinatal period. In addition, due to the timing of this data collection and the
World events that were impacting habitual lifestyle and healthcare at the time, thematic
analysis of semi-structured interviews sought to identify pregnant women’s perceived
barriers to antenatal exercise and the impact of the COVID-19 pandemic on the pregnancy

experience.

Chapter 4 explored the feasibility and acceptability of remote data collection, in addition
to the effectiveness of two home-based exercise interventions. Anthropometric data,
blood samples, CGM, and PA data were collected remotely prior to and following a home-
based exercise intervention incorporating i) mobile health (mHealth) technology and
exercise counselling, or ii) online resources only. Semi-structured interviews to explore
participant experiences were conducted pre- and post-intervention. Data provided novel
evidence that remote testing is a feasible approach to obtain data, however further
refinements were required to increase data availability. These adaptations were then
implemented in Chapter 5. Moreover, low levels of intervention drop-out (16%), promising
preliminary health outcome data, such as a greater increase in moderate-to-vigorous PA
(MVPA) completed in 10-minute bouts (MVPA+10) in the mHealth group (58 min/wk; Cl= -
0.06, 0.98, d= 0.47) compared to the online resources group (14 min/wk, Cl=-0.32, 0.54,
d= 0.12) and positive participant perceptions reinforce the effectiveness of home-based

exercise interventions, that incorporate individualised support and mHealth technology.

Chapter 5 utilised those remote testing techniques piloted in Chapter 4 to determine the
relationship between PA and glucose control across the perinatal period, disaggregated by
trimester including postpartum, using objective continuous assessment methods. Forty-

nine pregnant women underwent remote assessment of CGM and PA at trimesters 2 (T2)



and 3 (T3), and within 6 weeks postpartum (T4). Glucose variability and PA patterns, as well
as the relationship between glucose control and PA across the perinatal period were
assessed. Findings firstly, demonstrated slightly higher levels of glucose variability during
pregnancy in comparison to postpartum, whereby 24-hour variability decreased, albeit
non-significant, between postpartum and T2 (mean difference: -2.15%; Cl= -4.52, 0.23;
P-0.08) and decreased from postpartum and T3 (mean difference: -2.45%; Cl=-4.69, -0.21;
P=0.03). Secondly, there was an increase in total (mean difference: 53:45 min; Cl= 0.72,
106.79; P=0.11) and light (mean difference: 48:13 min; Cl= 15.77, 80.70; P=0.004) PA levels
from T2 to T4, with no change in moderate-to-vigorous PA (MVPA) (P>0.05). Finally, there
was no relationship between 24-hour or daytime glucose control and PA at any timepoint.
Notably, participants recorded low levels of PA at all timepoints, which may have hindered
power to detect any relationship. Importantly, novel data demonstrating a decrease in
glucose variability at postpartum in comparison to during pregnancy should be noted and
may be linked to physiological and behavioural changes (e.g. changes in insulin response

during pregnancy or breastfeeding) that occur across the perinatal period.

Chapter 6 collected rich, in-depth qualitative data to contextualise findings in Chapter 5
and reflect women’s perceived barriers to antenatal exercise during COVID-19 (question 1)
and their perceptions of the pregnancy experience during COVID-19 (question 2).
Questionnaires reporting anxiety, depression and PA levels were completed by all
participants (n=14). Semi-structured interviews were conducted between November 2020
and May 2021. Interviews were analysed using thematic analysis for each research
guestion, individually, to provide two sources of information. Question 1 revealed four
main themes: ‘Perceptions of being an active person shaping activity levels in pregnancy’,

‘How do | know what is right? Uncertainty, seeking validation and feeling informed’,



‘Motivators to antenatal exercise’ and ‘A process of adaptations and adjustment’. Question
2 also revealed four main themes: ‘Navigating changes to healthcare delivery and
antenatal care’, ‘Adapting to lifestyle changes’, ‘Decision making in the context of COVID-
19’, and ‘Seeking support during COVID-19’. The findings of the study highlighted the
importance of direct psychosocial support and clear, trustworthy information for pregnant
women. Findings also support the fundamental need for better education amongst

healthcare professionals regarding antenatal exercise.

Collectively, the data contained within this thesis support the feasibility of remote data
collection and remote exercise interventions that include mHealth technology. This
highlights the potential use of such tools in healthcare to provide clinical exercise
physiology support in an economically viable manner. Data revealed increased glucose
variability during T2 and T3, accompanied by low levels of PA during healthy pregnancy.
Nonetheless, no relationships between PA and glucose variability across the perinatal
period were observed, suggesting that physiological and behavioural changes occurring
across gestation may impact glucose variability. Finally, qualitative data revealed themes
of uncertainty around exercise and PA during pregnancy which highlights the importance
of psychosocial support for pregnant females and education for healthcare professionals
(HCPs) regarding ante- and post-natal exercise. Although these data were collected during

the COVID-19 pandemic, the application of findings transcends this timeframe.
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CHAPTER 1: INTRODUCTION



1.1. Thesis Structure

This thesis is organised into 7 chapters. Chapter 1 provides a brief introduction and
background to the PhD, and outlines the primary aims and objectives. Chapter 2 goes on
to provide a critical review of existing literature, as well as rationale for the empirical
research study chapters that follow. Chapter 3 describes the general methods utilised in
chapters 4 and 5. Chapters 4, 5 and 6 detail three empirical research studies that form the
main body of this thesis. Each research study includes a brief and specific introduction
related to the aim of the study, a description of the employed methods, presentation of
the results, and a critical discussion of the findings in relation to previous literature. Chapter
7 synthesises key findings from the PhD and proposes implications of the research and

recommendations for future directions.
1.2. Background

There are two major themes within this thesis: remote data collection and pregnancy.
Remote testing involves participants collecting and/or recording their own health
outcomes from home. Home-based monitoring and use of remote devices can ensure data
collection from a large sample of participants (i.e., nationwide) at a low-cost. The COVID-
19 pandemic necessitated the utilisation of remote data collection for research yet
possesses a multitude of further benefits. Remote data collection enables insight into
participant’s habitual lifestyles rather than assessment in controlled laboratory conditions.
This provides real-world data with translational value. One overwhelming positive of using
this approach is that evidence from clinical trials suggest that minimisation or, indeed,
elimination of research facility visits may enhance participation for some minority groups
traditionally underrepresented in research, for example those from diverse ethnic, low
socioeconomic, or rural backgrounds (Noonan and Simmons, 2021). Yet, it is currently

unknown whether remote clinical trials are feasible and can provide an effective data
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collection alternative to laboratory testing. Therefore, objective 1 of this thesis is to

examine the feasibility and acceptability of remote data collection of health outcomes.

There is a plethora of evidence supporting the efficacy of PA in the prevention and
amelioration of lifestyle-related health conditions (Drenowatz et al., 2016, Lee et al., 2012).
The current UK evidence-based PA guidelines recommend 150 minutes of moderate
intensity PA or 75 minutes of vigorous intensity PA per week (Chief Medical Officers, 2019).
Despite the known benefits of PA, only 61.4% of adults achieved the recommended
guidelines per week between mid-November 2020 and mid-November 2021 (Sport
England, 2021) where 63.3% of adults were meeting the recommended guidelines.
Moreover, the COVID-19 pandemic led to significant changes in PA levels of the population.
The prevalence of adults achieving the recommended PA guidelines decreased by 1.9% in
2020-2021 compared to pre-pandemic (November 2018-2019) (Sport England, 2021).
Specifically, a 37% reduction in weekly minutes of PA was observed from the week before
the first case of COVID-19 in the UK was announced to the first week of COVID-19
restrictions (McCarthy et al., 2021). Furthermore, 63% of people reported decreasing their
activity in the first week of COVID-19 restrictions (McCarthy et al., 2021). Based on this,
many academics and healthcare professionals fear that one of the long-term effects of the
COVID-19 pandemic will be the exacerbation of lifestyle related conditions, but this

longitudinal data is not yet available.

Previous research studies aiming to increase PA levels, specifically exercise, in previously
sedentary individuals without supervision from a health professional have reported poor
adherence (Jung et al., 2020, Hesketh et al., 2021, Roy et al., 2018). Poor adherence and

compliance to prescribed exercise significantly impacts on the ability to positively change



clinical outcomes. A need for novel and innovative interventions to improve adherence and
compliance has been noted previously (Hesketh et al., 2021). A common barrier to exercise
is time (Scott et al., 2020), therefore in addition to the suspension of non-essential research
within research facilities, this led to the development of a home-based exercise
intervention, supported by mHealth technology. It was hypothesised that this could be an
effective method to increase PA levels and enhance adherence to exercise during COVID-
19 due to the elimination of face-to-face contact. However, the feasibility and acceptability
to a remote, home-based intervention to increase PA during COVID-19 is unknown.
Accordingly, objective 2 is to examine the feasibility and acceptability of a home-based

exercise intervention, supported by mHealth technology.

Females experience significant physiological variation throughout their lifespan,
underpinned by fluctuating levels of reproductive hormones. Pregnancy is a dynamic
process whereby profound changes in reproductive hormones and physiological
adaptation occur to support a growing foetus. Gestational Diabetes Mellitus (GDM) affects
5.4% of pregnancies in Europe (Eades et al., 2017) and is associated with obesity, maternal
age of first pregnancy, high calorie diets and low levels of PA (Ramos-Levi et al., 2012). An
estimated 10% of females who have GDM during pregnancy will develop T2DM soon after
delivery, while 20-60% of females will present with it in the 5-10 years after birth (Buchanan
et al., 2012). Glucose control during the perinatal period is critical for foetal health and
research has demonstrated that glucose variability during pregnancy can adversely affect
foetal development (Law et al., 2015, Murphy, 2019, Kristensen et al., 2019). Limited data
exists regarding glucose variability across the perinatal period in healthy females. Given
this lack of understanding and to gain insight, objective 3 of this thesis is to examine glucose

control across the perinatal period in healthy pregnant females.



PA has been demonstrated to have beneficial effects on glucose control in healthy
pregnancy (Gradmark et al.,, 2011) and has been associated with a decreased risk of
developing GDM (Aune et al.,, 2016). Pregnant females, likewise to their non-pregnant
counterparts, are recommended to perform 150 minutes of moderate intensity PA per
week (Mottola et al., 2018, UK Chief Medical Officers, 2017). That said, a reduction in self-
reported levels of PA during pregnancy, that have persisted at 6 months postpartum, have
been previously observed (Pereira et al., 2007). Yet, whether a similar pattern across the
perinatal period during COVID-19 pandemic restrictions is worthy investigation. Therefore,
objective 4 is to objectively quantify PA levels across the perinatal period in healthy
pregnancy during the COVID-19 pandemic. Furthermore, whether PA levels influence
glucose control across the perinatal period requires exploration. Recent literature has
identified a strong relationship between PA and glucose control in healthy pregnant
females (Behravesh et al., 2021), though trimester-specific differences in maternal glucose
excursions have been observed (Law et al., 2015). Whether this relationship exists to
comparable extents across the perinatal period, disaggregated by trimesters and
postpartum, remains unknown. Therefore, objective 5 is to assess the relationship
between PA and glucose control across the perinatal period to understand whether

gestational age plays a role in the relationship, using objective CGM.

Despite the known benefits of antenatal PA and exercise, pregnancy is often characterised
by a substantial decrease in exercise levels (Campbell and Mottola, 2001, Pereira et al.,
2007). Several studies have explored pregnant female’s experiences of and barriers to
antenatal PA. However, the COVID-19 pandemic may have exacerbated barriers to

antenatal exercise and PA. A large online survey of 900 pregnant and recently postpartum
5



females in Canada found that 64% of females reported reduced PA with the onset of
isolation measures (Davenport et al., 2020). Therefore, objective 6 is to understand
perceived barriers to antenatal exercise during the COVID-19 pandemic. Additionally, the
COVID-19 pandemic has had a substantial psychological impact on the mental health of
pregnant females (Saccone et al., 2020) and elevated anxiety and depression levels have
been reported (Lebel et al., 2020). Pregnant individuals who reported high PA levels have
been shown to have lower scores for anxiety and depression measures during the COVID-
19 pandemic restrictions (Davenport et al., 2020, Lebel et al., 2020). This emphasises the
importance of PA and exercise during pregnancy and the significant impact of COVID-19 on
pregnant female’s lives. Finally, objective 7 of this thesis is to explore perceptions of the

pregnancy experience during the COVID-19 pandemic.

1.3. Aims

The aims of this thesis are to:
1. Examine the feasibility and acceptability of remote data collection and a home-
based exercise intervention, supported by mHealth technology.
2. Investigate the relationship between glucose variability and PA across the perinatal
period, using objective continuous assessment methods.
3. Explore pregnant female’s perceived barriers to antenatal exercise and the impact

of the COVID-19 pandemic on the pregnancy experience.

1.4. Objectives

The aims outlined above will be achieved through the following objectives.
To address Aim 1:

1. Examine the feasibility and acceptability of remote data collection



2. Examine the feasibility and acceptability of a home-based exercise intervention

supported by mHealth technology.

To address Aim 2:
3. Examine glucose control across the perinatal period in healthy pregnant females.
4. Report PA levels across the perinatal period in healthy pregnancy during the COVID-
19 pandemic.
5. Assess the relationship of PA and glucose control across the perinatal period, using

objective continuous assessment methods.

To address Aim 3:
6. Conduct semi-structured interviews with pregnant females to understand
perceived barriers to antenatal exercise during the COVID-19 pandemic.

7. Explore perceptions of the pregnancy experience during the COVID-19 pandemic.



CHAPTER 2: LITERATURE REVIEW



2.1. PA & Metabolic Health

2.1.1. Physical Activity and Health

In the UK, PA consensus guidelines recommend that adults aged 18-64 years perform at
least 150 minutes of moderate-intensity PA or 75 minutes of vigorous intensity PA per
week, in addition to muscle-strengthening activities on at least two days per week (Chief
Medical Officers, 2019). PA has been demonstrated to reduce the risk of obesity,
hypertension, T2DM and cardiovascular disease (CVD) (Ekelund et al., 2011, Manson et al.,
2002, Tuomilehto et al., 2001, Hahn et al., 2009) and, accordingly, physical inactivity is the
fourth leading cause of death, worldwide (Kohl Il et al., 2012). Yet, UK statistics report that
only 61.% of adults meet the recommended guidelines, whilst 27.2% of adults are physically
inactive (less than 30 minutes of moderate-intensity PA per week) (Sport England, 2021).
Worldwide, 75% of adults meet the recommended PA guidelines (World Health
Organization, 2019). Notably, the Global Action Plan of PA by the World Health
Organisation (WHO) reports that as countries develop economically, levels of inactivity
increase (World Health Organization, 2019), perhaps explaining the lower levels of PA
reported in the UK in comparison to globally. The increase in physical inactivity in
developed countries is suggested to be due to changing patterns of transportation,
increased use of technology and urbanisation (World Health Organization, 2019).
Consequently, health disorders associated with high physical inactivity prevalence,
including health-related quality of life, as well as direct and indirect economic costs, exert

a substantial burden on societies and respective health systems (Ding et al., 2016).

2.1.2. Physical Activity and Exercise Terminology
Although sometimes used interchangeably, PA and exercise are terms that have distinct

and important differences. These terms are utilised throughout the thesis and, therefore,
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these distinctions are important to note. PA refers to any bodily movement produced by
skeletal muscles that requires energy expenditure (World Health Organisation, 2020). This
term includes all movements during leisure time, though moderate- and vigorous-intensity
PA, specifically, have been shown to improve health. Exercise, conversely, is a domain of
PA that is structured, repetitive and has a final or an intermediate objective to improve or
maintain physical fitness (Caspersen, Powell & Christenson, 1985). Interventions targeted
at increasing PA and structured exercise levels may improve rates of disease prevalence

and therefore warrant investigation.

2.1.3. Glucose Metabolism

Glucose is fundamental for energy consumption and serves as the primary metabolic fuel
in humans. Glucose metabolism involves many processes, including the different pathways
of glycolysis and glycogen synthesis (Figure 2.1). The body’s blood glucose concentration
frequently changes in response to fasting and consumption, yet blood glucose is closely
regulated via a feedback mechanism. For example, following a meal, there is a rise in blood
glucose, which simultaneously stimulates insulin secretion. Insulin is a hormone that
regulates glucose levels in the blood and is produced from the pancreas. Insulin secretion
causes glucose to be deposited in the liver as glycogen. Post-meal, blood glucose
concentration gradually reduces, stimulating the liver to release glucose back into the
blood. In contrast, a reduction in blood glucose concentration stimulates glucagon
secretion, which raises blood glucose levels (Nakrani et al.,, 2020). Optimal glucose
metabolism is dependent on an individual’s physiological and nutritional conditions as well
as physical fitness (Tarnopolsky and Ruby, 2001). Poor glucose metabolism leads to

metabolic dysfunction including T2DM (Nakrani et al., 2020).
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Figure 2.1 The processes of carbohydrate metabolism, including glycolysis,
gluconeogenesis, glycogenesis, glycogenolysis, fructose metabolism, and galactose
metabolism. Adapted from Nakrani, Wineland and Anjum (2021).

Glucose variability refers to the oscillations in glucose concentration levels that occur
throughout the day. High variability in glucose concentration may occur due to
physiological dysfunction, but also due to the circadian rhythm of endogenous hormones,
nutritional intake, or PA (Wang et al., 2012). Despite, glucose variability being observed in
healthy individuals with normal glucose tolerance, variability is magnified in sedentary,
overweight, or obese individuals (Salkind et al., 2014). Moreover, higher glucose variability
has been reported in obese adults who have normal glucose tolerance (Salkind et al., 2014).

Therefore, glucose variability provides important early-stage insight for individual

metabolic health and warrants investigation in all research examining glucose control.

2.1.4. Physical Activity and Glucose Metabolism
It is well established that PA is beneficial for overall health and that physical inactivity
increases the risk of development of T2DM and CVD (Chan et al., 2004). Multiple linear

regression analysis, conducted by Swindell and colleagues (2018), revealed that MVPA
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(95%CI -0.128, -0.027), as well as total PA (95%Cl -0.194, -0.107), were negatively
associated with Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) in adults
with prediabetes (n=2326). It is postulated that individuals participating in a greater
amount of PA have increased insulin-stimulated glucose control and skeletal muscle
glucose disposal in comparison to individuals performing less PA (Hollenbeck et al., 1985).
Furthermore, just a single bout of acute exercise has been demonstrated to increase
glucose uptake into skeletal muscle (Pruett and Oseid, 1970, Wang et al., 2013), which can
persist hours after completion (Devlin et al., 1987, Mikines et al., 1988). Yet, there is little

research examining the effect of PA on glucose variability.

2.1.5. Measurement of Glucose Metabolism
There are several tests that can be utilised to screen for impaired glucose metabolism and

diagnose T2DM or GDM.

2.1.5.1.  HbAIc
To measure a 2-to-3-month average of an individual’s glycaemic control, glycated
haemoglobin (HbA1() is frequently analysed and may be used to forecast the risk of diabetic

complications (Schnell et al., 2017).

2.1.5.2.  Fasting Plasma Glucose

Fasting plasma glucose may also be quantified. During fasting, glucagon is synthesised and
subsequently plasma glucose concentration is increased. Insulin will then be produced to
rebalance these increased glucose levels in healthy individuals, yet in people with T2DM or
GDM, either not enough insulin is produced, or the body is not able to use the insulin

effectively and therefore fasting glucose will be increased.
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2.1.5.3.  Oral Glucose Tolerance Test

An oral glucose tolerance test (OGTT) is another popular test that may be employed to
examine glucose metabolism. This test consists of an orally consumed glucose challenge
and subsequent plasma glucose measurements. Pregnant females who have a family
history of T2DM or GDM, or those who present with raised fasting blood glucose levels are

typically screened for GDM using an OGTT (Garrison, 2015).

2.1.5.4. Continuous Glucose Monitoring
An alternative way to measure glucose is the novel methodology of CGM, which allows
continuous real-time measurements of glucose levels spanning an extended period of time

(Yogev et al., 2004).

In contrary to the measurement of HbA1., CGM allows researchers to identify the intra- and
inter-day glycaemic excursions that may lead to hypoglycaemia or postprandial
hyperglycaemia (Danne et al., 2017). Measurement of HbAi. is also an unreliable measure
in patients with anaemia (National Institute of Diabetes and Digestive and Kidney Diseases,
2014), iron deficiency (Ford et al., 2011) and during pregnancy, due to the fluctuating
glucose levels that occur throughout gestation (Nielsen et al., 2004). To utilise a CGM, the
monitor is inserted into the interstitial fluid on the individual’s tricep or stomach area and
allows the quantification of the duration and magnitude of glycaemic excursions that occur
during an individual’s typical day. The individual is able to wear this monitor for 14 days
and no calibration is required by the user (Rodbard, 2016). Despite the advantages of CGMs
in the measurement of glucose control, use remains limited due to high cost, short sensor

lifetimes and a lag time of interstitial fluid glucose relative to blood glucose (Rodbard,

13



2016). Though, as technology continues to advance, it is expected that utilisation of CGM
measurements to analyse glucose control will increase in popularity (Rodbard, 2016). Beck
and colleagues (2017) plotted mean glucose measured with CGM (Dexcom Inc, San Diego,
CA) versus HbAic in 387 participants in three RCTs. They demonstrate that HbA;c may
commonly under-, or overestimate mean glucose. Yet, Yamada and colleagues (2020)
found a significant correlation between HbAi. and CGM levels when using the FreeStyle
Libre Pro device with 59 participants. These findings highlight the need for high quality
equipment paired with individualised data interpretation for each participant to assess an

individual’s glucose control.

2.2. Preghancy

2.2.1. Symptoms of pregnancy

Pregnancy is typically defined as 40 weeks from the first day of a female’s last period and
is divided in to 3 trimesters (trimester 1 (T1), week 1-12; trimester 2 (T2), week 13-28;
trimester 3 (T3), week 29-40). Whilst 40 weeks is the usual pregnancy time frame, a full-

term baby can be born within 37-42 weeks.

2.2.2. Physiological Adaptations to Pregnancy

As well as symptoms such as nausea, fatigue and musculoskeletal pain, pregnant females
experience vast physiological changes to support the needs of the growing foetus. These
changes include cardiovascular adaptations such as an increase in cardiac output and
maternal blood volume by up to 50%, compared with pre-pregnancy values (Skow et al.,
2017) and metabolic adaptations such as increased protein content in body tissue and
weight gain (Perales et al., 2019). Additionally, a large change in hormones occurs

throughout pregnancy and postpartum (see Figure 2.2). In some cases, a lack of
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physiological changes during pregnancy may present complications or pathologies. This
lack of changes can result in short-term complications, such as preeclampsia and GDM. Yet,
these complications present during pregnancy are associated with an increased risk of CVD
in later life. Though, antenatal PA has been demonstrated to produce beneficial effects for

maternal and offspring health, specifically metabolic health, and mental wellbeing.
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Figure 2.2 Diagrammatic representation of hormone changes during human pregnancy.
(Grattan & Ladyman, 2020).

2.2.3. Metabolic Adaptations to Pregnancy

2.2.3.1.  Glucose Control in Pregnancy

Normal metabolic processes must be altered during pregnancy to adapt to the needs of
the developing foetus. In healthy pregnant females, insulin sensitivity decreases at 12-14
weeks through 36 weeks’ gestation (Catalano et al., 1999). T1 and T2 are characterised by
insulin resistance, with an approximate 50% decrease in insulin mediated glucose disposal
(assessed by the hyperinsulinemic-euglycemic clamp technique) and a 200-300% increase
in the insulin response to glucose (Catalano et al., 1999). This increased insulin response to

glucose is required to meet the metabolic demands of the foetus, which needs 80% of its
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energy as glucose. In T3, the placental and foetal demands for glucose are approximately
150 grams per day (Lain and Catalano, 2007). Insulin resistance during pregnancy is also
caused by a decrease in glucose transporter protein 4 (GLUT-4) expression within the
maternal adipose tissue in T3, in addition to a decreased translocation of GLUT-4 to the

plasma membrane in the skeletal muscle (Okuno et al., 1995).

Glucose is the primary source of energy for the growing foetus and is transported to the
foetus in direct proportion to maternal glucose levels. Placental glucose transporter (GLUT-
1) concentration is increased during pregnancy, facilitating the transplacental glucose flux,
without evidence of maternal hyperglycaemia (llIsley, 2000). Previous studies have found
fasting blood glucose levels to decrease during early pregnancy (Riskin-Mashiah et al.,
2011). Throughout the remainder of gestation, studies have showed disparity in results.
The majority of studies show a further decline in plasma glucose between the T1 and T2
(Lind et al., 1973, Mills et al., 1998, Victor, 1974), whilst others report no change (Afolabi
et al., 2003, Siegmund et al., 2008). Again, some studies observed further decreases in
plasma glucose between the T2 and T3 (Lind et al., 1973, Victor, 1974) whilst others
reported no decrease (Afolabi et al., 2003, Sacks et al., 1995) or even a small increase (Mills
et al., 1998, Siegmund et al., 2008). These heterogenous data are likely due to differing
measurement methods, for example glucose collected fasted (Afolabi et al., 2003, Sacks et
al., 1995, Lind et al., 1973, Riskin-Mashiah et al., 2011, Mills et al., 1998) or free-living
(Parretti et al., 2001, Siegmund et al., 2008), or using hand-held glucose monitors (Parretti
et al.,, 2001, Afolabi et al., 2003), OGTT (Lind et al., 1973, Sacks et al., 1995) or CGM
(Siegmund et al., 2008). Participant characteristics (e.g. weight, activity levels, or diet
consumption) are also likely to influence results between studies. Siegmund and colleagues

(2008) observed a slight increase in blood glucose levels (n=32), measured using CGM for
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periods of 72 hours throughout pregnancy, and reported significantly higher values at week
36 of gestation. At 6 weeks postpartum, blood glucose levels remained similar to week 36

of gestation (Figure 2.2).
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Figure 2.3 Mean glucose levels (mmol/L in n=32) at 16" (16.SSW), 22" (22.SSW), 30t
(30.SSW) and 36 (36.SSW) weeks of gestation, and at 6 weeks postpartum (6Wpp)
measured using CGM (Siegmund et al., 2008).

GDM is characterised by glucose intolerance that begins or is first diagnosed during
pregnancy and usually resolves shortly after delivery (Reece, 2010). As previously stated,
an OGTT is typically utilised to diagnose GDM in pregnant females at 24-28 weeks’
gestation. Females are offered this screening procedure for GDM if they possess risk factors
such as a high body mass index (BMI), parental case of diabetes, or family origins are South
Asian, Chinese, African-Caribbean or Middle Eastern. Diagnosis of GDM is critical for short-
and long-term consequences affecting both the mother and child; These include not only
pregnancy and delivery risks, but also future risk of T2DM, obesity, metabolic,

cardiovascular, neurological and psychiatric problems in the mother (Metzger, 2007).
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2.2.4. Mental Wellbeing in Pregnancy

Pregnancy is potentially a vulnerable period for a female’s mental health due to pregnancy
symptoms and the impending transition to parenthood. It has been estimated that
approximately 9-13% of pregnant females experience depression (Evans et al., 2001, Gavin
et al., 2005, Redshaw and Henderson, 2013) and approximately 13-15% of pregnant
females experience anxiety (Heron et al., 2004, Henderson and Redshaw, 2013). Many
perinatal mental health difficulties begin in pregnancy, and most of these are anxiety based
(Howard and Khalifeh, 2020). Mental health difficulties during pregnancy may be attributed
to a plethora of physiological, psychological, and sociocultural determinants. Firstly, the
rapid transformation in hormone levels, namely the increase in the number of oestrogen
and progesterone receptors, occurs during the first trimester. These changes in hormones
affect the neurotransmitter systems of serotonin, dopamine and norepinephrine, which
may contribute to the development of emotional disorders (Poudevigne and O’Connor,
2006). Secondly, the first trimester is commonly accompanied by a fear of miscarriage
(Gong et al., 2013). Typically, females experience a stabilisation of emotions during the
second trimester (Kotomanska et al., 2019). However, a renewed increase in anxiety levels
tends to occur in the third trimester due to the approaching delivery (Kotomanska et al.,
2019). Finally, it has also been suggested that changes in external appearance may
decrease female’s physical self-esteem, which may also influence the development of
depression (Poudevigne and O’Connor, 2006). Overall risk factors for both antenatal
anxiety and depression include social isolation, perceived low social support, poor
relationship with partner, being aged under 18, living in a deprived area, and unplanned
pregnancy (Littleton et al., 2007, Robertson et al., 2004, Leigh and Milgrom, 2008, Lee et
al., 2007).
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Mental wellbeing during pregnancy is a significant public health problem. Antenatal anxiety
and depression negatively impact maternal quality of life. Furthermore, there is evidence
supporting that exposure to stressful environments and poor mental health during
pregnancy can adversely affect perinatal outcomes, such as infant emotional, and
behavioural development (O'Connor et al., 2002). A study using UK primary care data
reported that the proportion of children exposed to maternal mental health difficulties
increased from 22.2% between 2005-2007 to 25.1% between 2015 and 2017 (Abel et al.,
2019). Therefore, interventions to mitigate the risk of developing mental health difficulties

during pregnancy are paramount.

2.2.4.1.  Anxiety in Pregnancy

High levels of antenatal anxiety are significantly associated with adverse perinatal
outcomes, such as preterm and spontaneous preterm birth, low birth weight, earlier
gestational age, small for gestational age, and smaller head circumference at birth
(Grigoriadis et al., 2018). Several potential explanations whereby anxiety leads to adverse
perinatal outcomes have been proposed. Firstly, females who experience anxiety during
pregnancy may be more likely to smoke, drink alcohol, or not attend antenatal healthcare
appointments, which in turn increase the risk of adverse perinatal outcomes (Istvan, 1986,
Paarlberg et al., 1995). Secondly, it has been proposed that an increase in stress hormones
during pregnancy may lead to decreased uterine blood flow and consequently, induction
of preterm labour (Istvan, 1986, Paarlberg et al., 1995, Johnson and Slade, 2003). Changes
in immunologic functioning due to anxiety may also increase vulnerability to immune-

modulated preeclampsia and preterm labour (Paarlberg et al., 1995).
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2.2.4.2. Depression in Pregnancy

Furthermore, it has been found that the prevalence of depressive symptoms in pregnancy
are significantly positively associated with preterm birth (Fransson et al., 2011, Li et al.,
2009, Niemi et al., 2013, Straub et al., 2012). Antenatal depression has also been identified
as a risk factor for low birth weight (Niemi et al., 2013, Grote et al., 2010) and small for
gestational age babies (Jarde et al., 2016, Szegda et al., 2017). Despite scientific evidence
supporting the association between antenatal depression and adverse perinatal outcomes,
the associations are not consistent (Pampaka et al., 2021). Given inconsistent findings and
limited evidence, further research is required to examine the association between
maternal depression and perinatal outcomes. Research suggests that the effects and
prevalence of maternal anxiety on perinatal outcomes are potentially more pressing and

require intervention (Grigoriadis et al., 2018, Lee et al., 2007).

2.2.5. Physical Activity and Pregnancy

In the absence of contraindications antenatal exercise is recommended (Mottola et al.,
2018). PA during pregnancy has been shown to decrease the risk of pre-eclampsia, GDM,
caesarean delivery, instrumental delivery, excessive gestational weight gain (GWG), and a
decreased severity of depressive symptoms and lumbopelvic pain (Mottola et al., 2018).
Antenatal exercise has also been demonstrated to reduce the CVD risk in later life for both
the mother (Clapp Ill, 2008) and offspring (May et al., 2016, May et al., 2010, May et al.,
2014, May et al., 2012). Pregnancy-specific exercise guidelines in the UK recommend
pregnant individuals to accumulate at least 150 minutes of moderate-intensity PA per
week, incorporating both aerobic and strength training, over 3 days (UK Chief Medical
Officers, 2017). For pregnant females who are not currently meeting these guidelines, a
progressive adjustment towards them is recommended, whilst those who are already
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meeting the guidelines are instructed to continue throughout pregnancy. Absolute
contraindications to exercise during pregnancy include pre-eclampsia, incompetent cervix,
intrauterine growth restriction and other serious cardiovascular, respiratory, or systemic
disorders. Females with absolute contraindications to antenatal exercise are
recommended to continue their usual activities of daily living but should not participate in
more strenuous activities that increase heart rate above 142 bpm (Mottola et al., 2018).
Relative contraindications to exercise include recurrent pregnancy loss, gestational
hypertension and eating disorders. These individuals are recommended to discuss the

advantages and disadvantages of intense PA with their obstetric care provider.

Interestingly, recent findings have shown that a number of medical conditions have been
classified as contraindications based on expert opinion but there is minimal empirical
evidence to demonstrate harm of exercise and benefit of activity restriction (Meah et al.,
2020). This research identified instances previously classified as contraindications to
exercise, for example twin pregnancies and gestational hypertension, that may indeed
benefit from regular antenatal PA. However, evidence suggests that contraindications such
as placental abruption, intrauterine growth restriction and severe pre-eclampsia are
associated with strong potential of exercise to cause harm. These findings demonstrate a
gap in the literature and a lack of evidence used to inform list of contraindications for
antenatal exercise. As well as a lack of scientific evidence in exercise recommendations for
pregnant females with said contraindications to exercise, there is a distinct absence of
scientific evidence regarding exercise at higher intensities during pregnancy. Therefore,
greater research is required to inform PA and exercise guidelines for pregnant females to
facilitate the development of clear and safe advice for participation in these health-giving

activities during pregnancy.
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Despite guidelines recommending pregnant females to perform as much activity as their
non-pregnant counterparts (150 minutes of moderate-intensity activity per week) (Chief
Medical Officers, 2019), as well as the aforementioned benefits observed in those
performing antenatal PA, it has been reported that only 23-29% of pregnant females in the
USA are meeting the guidelines (Hesketh and Evenson, 2016). However, recent data in the
UK regarding the prevalence of pregnant females meeting the recommended PA guidelines
is lacking. Females who were physically active prior to pregnancy have reported that their
PA levels decreased during pregnancy (Coll et al., 2016). Decreases in PA levels are typically
observed during pregnancy, owing to decreasing levels of overall and recreational activity
(Borodulin et al., 2009, Borodulin et al., 2008, Clarke et al., 2005, Hinton and Olson, 2001,
Pereira et al., 2007). Research has also found that although postpartum PA increases in
comparison to pregnancy, females may not return to their earlier PA levels at postpartum
due to lack of time, fatigue, or depressive symptoms (Borodulin et al., 2009). These changes
in PA during pregnancy therefore suggest that pregnant females need educational tools
from trustworthy sources promoting antenatal PA. These tools should consider the barriers
to PA that pregnant and postpartum females face, such as lack of time and pregnancy

symptoms, when promoting PA.

2.2.5.1.  Metabolic Adaptations to Physical Activity in Pregnancy

It is well documented that PA during pregnancy decreases the risk of developing GDM (by
38%), pre-eclampsia (by 41%) and pregnancy-induced hypertension (by 39%) (Davenport
et al., 2018b). Not only has research shown that habitual antenatal exercise may reduce
the odds of developing GDM (Davenport et al., 2018b), but prenatal exercise after diagnosis
of GDM is also recognised as a beneficial adjunct therapy to nutritional or medical
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management due to its glucose lowering effects (American Diabetes Association, 2015,
Thompson et al., 2013). Results from a meta-analysis suggested that to achieve at least a
25% reduction in the odds of developing GDM, pre-eclampsia or gestational hypertension,
pregnant females should accumulate 600 metabolic equivalent of task (MET)-
minutes/week of moderate intensity exercise and the benefits would be attained when
exercise is performed 3 days/week (Davenport et al., 2018b). Lower odds of developing
GDM and hypertensive disorders of pregnancy with prenatal exercise have critical

beneficial implications for the maternal and child long-term health.

In non-pregnant adults, an acute bout of exercise stimulates improved glucose uptake by
translocation of glucose transporters onto the skeletal muscle cells surface (Richter and
Hargreaves, 2013). Typically, circulating glucose concentrations in non-pregnant females
decreases in the first 20 minutes of exercise before returning to pre-exercise values with
longer duration exercise (Horowitz et al., 1997, Davenport et al., 2016). This is reported to
be due to liver glycogen breakdown/release or glyconeogenesis (Horowitz et al., 1997). Yet,
it is known that lower hepatic glycogen stores are available during pregnancy, which results
in a continued decline in blood glucose levels (Davenport et al.,, 2016, Mottola and
Christopher, 1991). Therefore, the blood-glucose lowering effects of exercise during
pregnancy have been proposed to increase the risk of hypoglycaemic events (Seaquist et
al.,, 2013). A systematic review and meta-analysis demonstrated that acute exercise
reduced mean maternal blood glucose by 0.94 mmol/L and a reduction of 0.57 mmol/L was
observed following acute exercise (Davenport et al., 2018c). These authors also found a
dose-response relationship for glycaemic response to exercise, whereby a higher volume
of exercise (intensity x duration) was associated with a larger decrease in blood glucose
levels. Forty minutes of exercise, completed at 70% of pregnant females in their third

trimester’s VOamax, diminished glucose concentrations both during exercise and at 15
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minutes post exercise compared to non-pregnant controls (Mottola et al., 2013). Acute
exercise has also been demonstrated to reduce circulating insulin; however, insulin
remains elevated in healthy pregnant females in comparison to healthy non-pregnant
females during exercise, which may promote glucose transfer to the foetus (Mottola et al.,
2013). Notably, Davenport and colleagues (2018) reported minimal incidence of maternal
hypoglycaemia during acute antenatal exercise. Therefore, it appears that acute exercise
beneficially impacts glucose during pregnancy without increasing the risk of

hypoglycaemia.

Chronic exercise during pregnancy has been found to also decrease glucose levels.
Davenport and colleagues (2018) demonstrated that fasting glucose levels of females
randomised to an exercise-only intervention during their pregnancy were 0.48 mmol/L
lower on average in comparison to non-exercising controls. Yet, sensitivity analysis
revealed that this reduction in glucose levels was driven by females diagnosed with
diabetes. Additionally, subgroup analyses identified significant reductions in fasting blood
glucose values in females with GDM, females with overweight/obesity, and previously
active females from before to chronic exercise. Therefore, chronic exercise does appear to
beneficially impact maternal blood glucose. However, the clinical significance of these
findings remains unknown, and the quality of evidence included in this systematic review
was found to be ‘very low’ and ‘low’ due to risk of bias, inconsistency, and indirectness of

the interventions being assessed. Future research is therefore warranted.

The mechanisms responsible for the impact of exercise on maternal glycaemic control

remains debated. It has been proposed that the impact of acute exercise may be mediated
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by the increased hepatic glucose production and enhanced R-cell function observed during
pregnancy (Lain and Catalano, 2007). Moreover, the decrease evident in fasting blood
glucose in response to chronic antenatal exercise may be related to enhanced GLUT-4
translocation to the skeletal muscle (Mottola and Artal, 2016). Improved glucose clearance
and decreased hyperinsulinemia with acute and chronic exercise has been suggested to be
a mechanism by which the risk of developing GDM can be reduced (Davenport et al., 2016).
It is important, however, to note that timing of the last meal or snack the participant
consumed prior to exercise may have a large impact on glycaemic response to exercise

(Davenport et al., 2008).

There is also evidence that antenatal exercise improves the metabolic health of adult
offspring, albeit evidence from rodent models (Stanford et al., 2017, Stanford et al., 2015,
Carter et al., 2012, Laker et al., 2014, Raipuria et al., 2015). It has been suggested that
maternal exercise before and during pregnancy improves glucose tolerance and insulin
sensitivity in adult offspring (Harris et al., 2018). Rodent research has attempted to
determine the time point at which maternal exercise is beneficial to confer positive effects
on the metabolic health of adult offspring (Stanford et al., 2015). Authors divided female
mice into four subgroups: trained (housed with running wheels before conception and
during gestation), pre-pregnancy trained (housed with wheels preconception), gestation
trained (housed with wheels during gestation), or sedentary (housed in static cages). They
found that male offspring of sedentary dams had a worsening of glucose tolerance as they
age, yet this effect was negated in the offspring if exercise was performed before and
during gestation. Maternal exercise both before and during gestation improved glucose
tolerance, as well as reducing fasting insulin and decreasing body fat percentage in male

offspring compared to the other groups. These data indicate that maternal exercise during
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gestation improves glucose tolerance in male offspring, but maximal effects are evident if
maternal exercise is performed both before and during gestation (Stanford et al., 2015,
Carter et al., 2012, Sheldon et al., 2016). Future studies are required to determine whether
these rodent observations investigating maternal exercise and offspring metabolic health
are translatable to humans. Rodent model research is acknowledged as important in the

bench to bedside model, but not wholly translational to human outcomes.

Given the known effects of exercise on maternal metabolic health, it is also important to
consider the impact of habitual PA. Cross-sectional studies of accelerometery recorded PA
in non-diabetic pregnancies have demonstrated that total PA demonstrates the strongest
association with first-phase insulin secretion and estimated insulin sensitivity (Pomeroy et
al., 2013, Gradmark et al., 2011). Similarly, studies examining habitual walking in diabetic
(Hayashi et al., 2018) and non-diabetic (Hayashi et al., 2016) pregnant females reported
lower glucose levels in females who recorded higher levels of walking. However, few
published studies have utilised objective assessments of PA or glucose, meaning
assessment of the relationship between PA and blood glucose levels is difficult. A recent
study assessed the relationship of daytime PA and sleep disturbance, with accelerometery,
and glycaemic control, with CGM, during pregnancy (Behravesh et al., 2021). Their data
revealed that total movement improved glycaemic control in their non-diabetic pregnant
participants (n=15). They reported that PA was strongly related with improved glycaemic
control, whilst movement during sleeping periods tended to be associated with poorer
glycaemic control. Food diaries, however, were not obtained throughout the study. Food
consumption may coincide with activity bouts and, therefore, impact blood glucose
variation (Gonzalez-Rodriguez et al., 2019). Furthermore, preliminary results have shown

that antenatal PA may decrease maternal metabolic markers during pregnancy. Studies
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have found that PA is significantly associated with lower triglyceride levels during
pregnancy (Schreuder et al., 2011, Bo et al., 2014). Data from the OMEGA study in 925
healthy pregnant females at 13 weeks’ gestation found that total cholesterol and
triglycerides were inversely related to PA (Butler et al., 2004), therefore, suggesting that
PA could improve lipid profile during pregnancy or females with better lipid profiles are
more physically active compared to those with poorer profiles. Though, wide variability in
study design, methods of assessing PA, the timing of metabolic marker assessments, and
participant populations make results difficult to compare. Therefore, further research
regarding the relationship between objective PA and metabolic health assessments in non-

diabetic pregnant females across gestational age is necessary.

2.2.5.2.  Mental Wellbeing, Physical Activity and Pregnancy

There is substantial evidence in the literature demonstrating PA as an effective strategy to
also improve wellbeing in pregnancy. Previous studies have shown that reduced exercise
levels during pregnancy are a key determinant of lower perceived quality of life (Mourady
et al., 2017). A systematic review found mixed results when investigating the impact of
aerobic exercise, resistance exercise, combined exercise, and yoga or PA on pregnant
female’s quality of life (Liu et al., 2019). Though, overall, the review provided evidence that
prenatal PA is a viable, acceptable, and effective intervention for increasing female’s
quality of life during pregnancy. Exercise-only interventions during pregnancy have been
associated with a reduction in the severity of prenatal depressive symptoms (standardised
mean difference: -0.39 AU) (Davenport et al., 2018a). Davenport et al. (2018) reported that
to achieve a moderate effect size in the reduction in the severity of prenatal depression
symptoms, pregnant females must accumulate at least 644 MET-min/week of moderate-
to-vigorous intensity exercise. They also found a dose-dependent association of this
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benefit, whereby a greater volume of exercise was associated with a greater reduction in
the severity of prenatal depressive symptoms. Furthermore, authors found a 67%
reduction in the odds of developing prenatal depression with exercise-only interventions.
Yet, it has been reported that prenatal exercise does not reduce the symptoms or diagnosis

occurrence of postnatal depression (Davenport et al., 2018a).

Sheffield and Woods-Giscombe (2016) systematically reviewed 13 studies examining the
effects of yoga practice during pregnancy on prenatal symptoms of anxiety and depression.
Of the five studies that examined anxiety symptomology, all studies reported significant
improvements in state/trait anxiety inventory scores following a yoga intervention. Within
these five studies, there were vast differences amongst interventions. All studies
conducted yoga facilitated by a yoga teacher. Yet, in one study, a yoga teacher was utilised
for 4 weeks then participants continued practices at home for 1-hour per day, though
remained effective in reducing state/state anxiety inventory scores by 15.65% following
the intervention compared to baseline. Moreover, longer intervention durations (>7
weeks) recorded more significant reductions in state/trait anxiety inventory scores (Field
et al., 2013b, Field et al., 20133, Field et al., 2012, Satyapriya et al., 2013) compared to the
7-week intervention conducted by Beddoe and colleagues (Beddoe et al., 2009). A number
of studies offered participant incentives (i.e. $20 for each session attended), which likely
influenced adherence to the interventions (Field et al., 2013b, Field et al., 20134, Field et
al., 2012). Yet, no studies recorded adherence. Ultimately, these findings suggest that yoga

may be an effective strategy to reduce anxiety symptoms in pregnant females.

Findings from a systematic review by Kolomanska, Zarawski and Mazur-Bialy (2019)

(Kotomanska et al., 2019) suggest that even a small amount of PA, for example one session
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of walking, yoga or swimming per week, during pregnancy may reduce the severity of
depressive symptoms, as well as the occurrence of depression. In a large cross-sectional
study (n=19842) including both males and females in the general population, Hamer and
colleagues (2009) (Hamer et al., 2009) found that all types of PA (sports, walking and
domestic activities) were associated with reduced odds of psychological distress. Despite
the benefits of PA on depressive symptoms, some studies indicate that this association
varied dependent on PA domain. Low-intensity exercises, such as regular walking, carried
out during pregnancy has been reported to significantly reduce the symptoms of
depression, for example low mood, in pregnant females (Petrovic et al., 2016, Taniguchi
and Sato, 2016). Moreover, research investigating the influence of supervised training on
depressive disorders shows that aerobic exercise performed at least 3x per week for 60
minutes in pregnant females significantly reduced the symptoms of depression (Vargas-
Terrones et al., 2019, Robledo-Colonia et al., 2012, El-Rafie et al., 2016, Perales et al., 2015).
Furthermore, studies have observed that PA 1-2x per week may also be beneficial in
reducing the frequency and severity of depressive symptoms in pregnancy (Gjestland et al.,
2013). These benefits of PA have been found not only in pregnancy, but also at early and
late puerperium (Vargas-Terrones et al., 2019). Therefore, education of pregnant females
about a healthy lifestyle that includes even low levels of PA during pregnancy appears

paramount to improve overall quality of life in this population.

The mechanisms responsible for the increased quality of life scores for females who
perform antenatal exercise remain unknown. It has been suggested that a perceived
improvement in external appearance may influence female’s physical self-esteem and,
therefore, quality of life (Rauff and Downs, 2011). Alternatively, exercise may counteract

the dysregulation of biochemical and neurophysical function observed with depression by
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increasing norepinephrine, serotonin and dopamine levels (Davenport et al., 2018a).
Though, further research regarding these mechanisms is required. Furthermore, a greater
number of studies should aim to investigate the effects of exercise on improving maternal
wellbeing in the first trimester and throughout pregnancy as most studies to date have
focused on the effects of exercise during the second and third trimesters (Krzepota et al.,

2018).

2.2.5.3.  Perceptions of Physical Activity During Pregnancy

Despite the known benefits on antenatal PA for both mother and child, previous studies,
carried out in different countries, observed low PA levels during pregnancy. Only 23-29%
of pregnant females in the USA reported meeting 150 minutes of moderate-intensity
activity (Hesketh and Evenson, 2016), whilst only one-fifth of pregnant females in Ireland
met this target and over 10% reported zero PA (Walsh et al.,, 2011). Therefore,
understanding of pregnant female’s perceptions of antenatal PA is critical to increase

participation and, consequently achieve the known physical and mental benefits.

Historically, females were advised to reduce activity levels during pregnancy and avoid
strenuous exertion to minimise imposing a threat to their foetus (Hammer et al., 2000).
Despite there only being few important precautions when exercising during pregnancy
according to international guidelines (Pedersen and Andersen, 2011, Committee on
Obstetric Practice, 2002, Davies et al., 2003, Mottola et al., 2018), quantitative studies have
previously suggested a correlation between female’s perceptions of risk of harm to their
baby and a decrease in PA (Hanghgj, 2013, Clarke and Gross, 2004, Doran and Q'Brien,
2007, Duncombe et al., 2009, Hegaard et al., 2010). Important precautions for exercising

during pregnancy include avoiding activities with a high risk for trauma, such as collision or
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falling, as well as avoiding exercise in very hot or humid environments (Mottola et al.,
2018). A study conducted in Australia in 158 pregnant females explored women’s beliefs
about the safety of antenatal PA and found that increased safety concerns negatively
predicted the amount and intensity of exercise conducted (Duncombe et al., 2009). A
number of studies have reported that previous bodily experiences, including miscarriages
and fertility treatment, were perceived as a barrier to antenatal PA by pregnant females
(Duncombe et al., 2009, Hegaard et al., 2010, Hanghgj, 2013, Evenson et al., 2009, Cioffi et
al., 2010). Yet, studies have identified that relatives, partners and friends play an essential
role in pregnant female’s perception of risk and strongly influence their PA behaviours
(Hanghgj, 2013, Clarke and Gross, 2004, Marquez et al.,, 2009, Downs and Hausenblas,
2004), whilst another study found that a lack of partner support could be associated with
fear (Melender and Lauri, 2002). In accordance, health care professionals (HCPs) may
consider providing additional reassurance regarding antenatal PA for females who have
had a negative experience in pregnancy and be aware that female’s relatives and friends

play a crucial role in female’s perceptions of risk.

Pregnant females have previously expressed frustration because they felt that they had not
received specific guidance or education about the appropriate types, duration, or
frequency of exercise to safely perform during pregnancy (Krans and Chang, 2011). An
analysis of enablers and barriers to PA in overweight and obese pregnant females (Flannery
et al., 2018) found the most commonly reported barrier to PA during pregnancy was
knowledge about exercise. This finding was reflected in a qualitative study conducted in
the USA, where pregnant females mentioned a lack of advice regarding PA (Evenson et al.,
2009). Antenatal HCPs, namely midwives, are the key sources of information for pregnant

females in the UK. It has been suggested that midwives’ knowledge of the National Institute
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for Health and Care Excellence (NICE) PA in pregnancy guidelines is limited in the UK
(Hopkinson et al., 2018). A UK study reported that health professionals considered verbal
advice offered to females on lifestyle as inconsistent and unsupported by written
information (Olander et al., 2011). Typically, midwives feel that they are restricted on time
and resources to provide high quality advice to pregnant females about exercise (De Vivo
and Mills, 2019). Additionally, lack of training, knowledge, confidence, and perception of
vulnerability were identified as barriers to effective PA promotion by midwives (De Vivo
and Mills, 2019). This lack of information about PA could have a detrimental impact on the
motivation of pregnant females (Brown et al., 2013). By ensuring midwives and other HCPs
have appropriate knowledge, skills, and opportunity to discuss PA with pregnant females,

they may in turn be more motivated to perform PA during pregnancy.

A recent systematic review identifying predictors of physical inactivity among pregnant
females explains that pre-pregnancy exercise status, sociodemographic, socioeconomic,
lifestyle and health-related factors all contribute to activity levels amongst pregnant
females (Yusof et al., 2020). Yusof and colleagues identified that pregnancy symptoms such
as nausea, fatigue and pelvic girdle pain can prevent females from being active. This is
consistent with previous literature, whereby feeling tired or a lack of energy are commonly
cited reasons for inactivity (Evenson et al., 2009, Downs and Hausenblas, 2004, Leiferman
et al., 2011, Duncombe et al., 2009). These barriers can change with stage of pregnancy
(fatigue and nausea in early pregnancy and changes in size and shape later in pregnancy),
therefore interventions aimed at increasing antenatal PA participation require flexibility to
accommodate physical changes during pregnancy. These adaptations may include
transitioning from land-based to water-based PA as pregnancy progresses. Whilst

tiredness, work and a lack of time were significant reasons for all pregnant females to not
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be physically active, females with overweight and obesity reported that tiredness was more
often a barrier for being active compared with normal weight and underweight females
(Bauer et al., 2018). A study investigating barriers to engagement in antenatal PA according
to BMI classification in German pregnant females found that fun, fitness, and well-being
were the main reasons for exercising in females who were underweight or normal weight.
Conversely, females who were overweight or obese reported that fitness and fat burning
were the main reasons for them to be active (Bauer et al., 2018). Moreover, for females
from low-income areas, accessibility, and affordability to a safe place for PA are key to
enable antenatal PA participation (Krans and Chang, 2011). Therefore, tailored advice
based on differences in motivational factors and barriers to participation may improve PA
levels during pregnancy. Pregnancy-specific exercise groups that are time-efficient could
be paired with antenatal visits and conducted by HCPs with knowledge of exercise, for
example Physiotherapists, to offer reassurance and reduce barriers. Interventions should
be fun and enjoyable to initiate and maintain behaviour change (Bozionelos and Bennett,

1999).

2.3. Impacts of the COVID-19 Pandemic for Pregnant Females

COVID-19 is a potentially severe acute respiratory infection, caused by the novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first cases of COVID-19 were
detected in the city of Wuhan, China, during December 2019 and the virus was thereafter
declared a pandemic by the World Health Organisation (WHO). To reduce transmission of
COVID-19, the UK government enforced several measures. These measures included
nationwide school closures, banning of public events, self-isolation for symptomatic
individuals, closure of businesses, educational and public institutions, and stay-at-home

orders aside from essential tasks and exercise (Institute for Government, 2021) (Figure 2.3).
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It is known that some groups may be more vulnerable than others in experiencing severe
COVID-19. Fragile populations, such as the elderly, pregnant females, or patients who are
immunosuppressed or present multiple comorbidities, are more predisposed to experience
severe symptoms of COVID-19 (Chen et al., 2020). Diabetes, hypertension, and CVD were
common comorbidities observed amongst patients with COVID-19 requiring hospitalisation
(Chen et al., 2020). The incidence and/or severity of these comorbidities have been found
to be improved by PA. Greater PA levels are associated with reduced overall cardiovascular
risks (Hegde and Solomon, 2015). PA has also been demonstrated to possess beneficial
effects on metabolic syndrome and insulin sensitivity (Ahmed et al., 2012). Therefore,
active individuals may have fewer and/or less severe comorbidities compared to sedentary

individuals and accordingly be at a lesser risk of experiencing severe COVID-19.
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2.3.1. Impacts of COVID-19 on Mental Wellbeing During Pregnancy

Nationwide lockdowns, disruption of health-care services and fear of attending health-care
facilities introduced significant challenges for the wellbeing of pregnant females and their
babies (Roberton et al., 2020). Pregnant females were identified as a vulnerable group to
COVID-19 (Di Mascio et al., 2020) and therefore were advised to take additional
precautions, such as stay-at-home (‘shield’) in the third trimester. Additionally significant
alterations were made to maternity care provision, for example staff and equipment was
diverted to the provision of acute medical care, reducing the ability to screen for conditions
such as GDM (Riley et al., 2020). Restrictions to maternity care also included a number of
appointments being delivered remotely to reduce transmission risk, family member and
partner presence being limited at appointments, and cancelled pre-birth courses. Studies
indicate that prevalence of anxiety and depressive symptoms during pregnancy have
increased during COVID-19 (Farrell et al., 2020, Lebel et al., 2020, Saccone et al., 2020,
Davenport et al., 2020). Research conducted in Canada in 1987 pregnant females found
elevated symptoms (above cut-off scores) of depression (37%) and anxiety (59%) were
higher than expected based on previous pre-COVID-19 cohort studies assessing symptoms
in pregnant females with similar demographics (Lebel et al., 2020). They suggested that
these symptoms may be a direct consequence of the COVID-19 pandemic, as COVID-19-
related worries were associated with higher symptoms. Moreover, pregnant females who
are experiencing high stress during the COVID-19 pandemic are at risk of poorer perinatal
outcomes (Preis et al., 2021). A systematic review investigating the effects of the COVID-
19 pandemic on maternal and perinatal outcomes found increased maternal mortality and
stillbirth, maternal stress, and ruptured ectopic pregnancies during the pandemic
compared with before the pandemic (Chmielewska et al., 2021). The authors suggest that
this increase in adverse pregnancy outcomes may be linked to reduced access to care.
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Notably, these are emerging findings, and it is thought that the true extent of implications

is not yet known.

Although maternal anxiety has been consistently shown to be increased during the
pandemic, HCPs have reported reduced attendance for routine and unscheduled
pregnancy care (Khalil et al., 2021, Dell’Utri et al., 2020, Chmielewska et al., 2021, Gu et al.,
2020, Jardine et al., 2021). These reductions in attendance may be driven by concern about
the risk of acquiring COVID-19 in health-care settings, government advice to stay at home,
or reduced public transport and childcare access during lockdowns (Bivia-Roig et al., 2020,
Goyal et al., 2021). Along with changes to healthcare, wider societal changes are also
echoed in observed changes in maternal health. Intimate-partner violence has increased
during the pandemic (Bradley et al., 2020) and has been highlighted as a contributor to
increased maternal mortality (Knight et al., 2020). Additionally, females have been
disproportionately more likely to become unemployed and provide childcare due to school
closures (Gewin, 2020). These findings, therefore, likely have negative impacts on maternal
mental wellbeing. A longitudinal investigation to determine the long-term consequences

of maternal wellbeing on long-term implications as well as infant outcomes is warranted.

A study in the USA reported that both pregnant females and nurses highlighted several
changes to healthcare in response to COVID-19 that adversely affected their care or ability
to provide care (Altman et al., 2021). Moreover, among females who gave birth in Italy
during the pandemic, 75% of 739 females conveyed being afraid of giving birth during
COVID-19 (Stampini et al., 2021). Yet, 87% of patients felt that the overall healthcare
experience was as expected or better than expected. These results suggest that

apprehensions about giving birth during the COVID-19 pandemic may not be due to
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negative healthcare experience. Furthermore, nurses in the USA perceived the policy roll-
out related to the pandemic as inadequate, which led to a mistrust in management and
administration (Altman et al., 2021). Ultimately, many nurses in the study conducted by
Altman et al. (2021) felt unsafe and unsupported, which had a direct effect on patient care
experiences. These studies indicate that the COVID-19 pandemic had significant impacts at
the systemic level. Increasing mental health assessment, support, and services for both
pregnant females and HCPs during the pandemic is warranted. Additionally, increasing
transparency, communication and reassurance around policy changes may help to reduce

feelings of distress in both HCPs and patients.

As above, findings reported an association between increased anxiety and depression
symptoms with COVID-19-related worries (Lebel et al., 2020). Yet, it is important to
acknowledge that expectations are key determinants for maternal mental health (Preis et
al., 2019) and many pregnant females will also not have been able to experience pregnancy
as they’d initially expected. Due to COVID-19 restrictions, females may have limited
opportunities to socialise. Better perceived social support is significantly associated with
decreased symptoms of depression and anxiety (Cohen, 2004). Previous research also
indicates decreased antenatal and postnatal anxiety and depression among females with
higher levels of social support (Akiki et al., 2016, Friedman et al., 2020). Therefore, despite
pregnant females experiencing substantially elevated anxiety and depression symptoms
during the COVID-19 pandemic, social support remains a protective factor. In accordance
with the social distancing advice and limiting hospital visitations, psychological hotlines and

online counselling may be useful strategies to manage mental wellbeing during pregnancy.
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2.3.2. Impact of COVID-19 on Physical Activity During Pregnancy

Government restrictions in response to COVID-19 have reduced opportunities for exercise
due to the closure of gyms and leisure facilities as well as less opportunities for active travel
to work and school. Closure of schools and childcare facilities may have also reduced time
available for parents to be physically active. Additionally, fewer, and shorter healthcare
appointments may reduce opportunity for PA advice. PA during pregnancy has been
associated with reduced depression and anxiety (Demissie et al., 2011, Lebel et al., 2020).
In accordance, it is important that other credible sources of information and advice should

be promoted during this time.

The Active Pregnancy Foundation survey completed by 445 pregnant and postnatal females
found that 50% of participants were participating in less PA during lockdown in comparison
to previously (Active Pregnancy Foundation, 2020). However, both the Active Pregnancy
Foundation and Sport England data show that approximately a third of their participants
reported higher levels of PA during lockdown than in the weeks prior (Active Pregnancy
Foundation, 2020, Sport England, 2020). Moreover, 88% of females who participated in the
Active Pregnancy Foundation survey (Active Pregnancy Foundation, 2020) indicated that
PA helped their mental health. Similarly, a large survey conducted by Davenport et al.
(Davenport et al., 2020) reported that pregnant and postnatal females who met PA
guidelines (of 150 minutes of moderate intensity PA per week) during the pandemic had
lower levels of depression and anxiety. This suggests that there is a protective effect of PA
on mental wellbeing and is likely an important tool to help pregnant females during the
COVID-19 pandemic. Development of comprehensive and appropriate promotional

strategies for antenatal exercise for during the COVID-19 pandemic requires attention.
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2.4. Remote Research

2.4.1. Feasibility of Remote Interventions

Remote access to clinical trials presents many potential benefits for some minority groups
traditionally underrepresented in research, for example people of colour, those living in
poverty, social housing, and food insecurity and, additionally, those living in rural areas
(Noonan and Simmons, 2021). The decrease or elimination of research facility visits may
also expand representation of those with limited resources, such as time, travel, and
money. Therefore, the development of remote studies could decrease clinical trial
disparities and promote health equity throughout the country. Despite these benefits of
remote data collection for research, little is known about the feasibility and acceptability
of conducting remote studies. Therefore, the potential impact of findings from remote
studies remains undetermined. Investigation of the feasibility and acceptability of remote

data collection is necessary to understand the effectiveness of this study design.

Previous literature has suggested that supervised exercise delivered by an appropriately
trained exercise specialist promotes greater adherence in a variety of populations
(Vancampfort et al., 2016, Stubbs et al., 2016). Yet, supervised exercise interventions may
be a considerable burden for the researcher and participant due to time commitments and
the requirement to travel. Research studies that include unsupervised exercise with or
without counselling in previously sedentary individuals indicate poor adherence rates to
the recommended exercise (Jung et al., 2020, Hesketh et al., 2021, Roy et al., 2018). These
interventions have also reported high participant drop-out, ranging from 24-49% (Jung et
al., 2020, Hesketh et al., 2021, Roy et al., 2018), along with missing data of key physiological
or clinical outcomes, which pose serious threats to both internal and external validity. The

development of research study designs that can increase participant retention and
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minimise data loss are therefore required. Home-based exercise interventions may reduce
some barriers to supervised programmes as individuals may not be required to travel or
plan their day around the session. Nevertheless, research has shown that home-based
interventions create additional barriers for participants that include a lack of support and

feedback from exercise specialists (Bachmann et al., 2018).

2.4.2. Use of Mobile Health Technologies for Exercise Interventions

Advances in mHealth technologies could provide an opportunity to facilitate feedback
between the researcher and participant to increase support and feedback (Hawkins et al.,
2017). Recently, there has been an increase in the employment of mHealth technologies,
such as wearable smartwatches and mobile applications, as an intervention support
modality. This may be because technology devices are typically portable, allow for
continual self-monitoring, they are cost-effective, convenient, and give the user a sense of
control (Thomas and Bond, 2014, Khaylis et al., 2010, Bacigalupo et al., 2013). There are
many mHealth technologies available, such as applications on smartphones and wearable
devices that promote and support self-monitoring of fitness and wellbeing, providing
insights about activity, dietary intake, and weight. In 2019, fitness trackers and
smartwatches (e.g. Fitbit, Apple watch, Garmin) were reported as the number one fitness
trend, with 19% of Americans owning at least one (Statista, 2021). Many mHealth
applications utilise social media or other online platforms to share data with peers.
mHealth technologies are increasingly being used in PA interventions as they can be used
at any time and in any environment, permitting objective and reliable data collection
(Kooiman et al., 2015, Eapen and Peterson, 2015). The use of mHealth technologies to
promote PA has been deemed effective in multiple populations, for example individuals
who are pregnant (Chan and Chen, 2019, Overdijkink et al., 2018), those with
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cardiometabolic conditions (Hodkinson et al., 2021) and older adults (King et al., 2016). Five
components have been recommended to be incorporated in technology-based
interventions: self-monitoring, counsellor feedback, social support, structure and
principles of behaviour change, and an individually tailored program (Khaylis et al., 2010).
Although there are clear benefits of mHealth interventions, such as cost-effectiveness, the
ability to support unsupervised exercise, and measurement of continual data, may come
with additional barriers. Costs of mHealth technologies are reducing, however remain
unaffordable for lower socio-economic groups, and therefore potentially widening health

inequalities.

A systematic review and meta-analysis conducted in 2019 in healthy individuals (Brickwood
et al., 2019) reported a significant improvement in all measures of PA participation when
utilising a consumer-based wearable activity tracker, in comparison to control groups. The
authors suggested that interventions that incorporate multifaceted approaches appeared
to have a greater effect on PA participation when compared with control groups. These
multifaceted approaches included consumer-based wearable activity trackers as well as
telephone counselling, financial incentives, or group-based education (Finkelstein et al.,
2016, Shin et al., 2017, Van Hoye et al., 2015). Similarly, a recent systematic review and
meta-analysis among adults with cardiometabolic conditions (Hodkinson et al., 2021)
found that interventions using activity trackers were associated with significant
improvements in PA compared to those who received usual care. Though, again,
interventions that combined the use of activity trackers with additional components had
the strongest associations with PA improvement. A 4-week intervention study in healthy
adults found that those with an activity tracker having a weekly meeting with a coach

increased PA levels whilst those using just an activity tracker alone did not significantly
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increase their PA levels (Van Hoye et al., 2015). Yet, the high baseline activity level of the
sample may have limited significant improvements in PA. The heterogeneity in activity
monitoring systems and reporting of PA makes it difficult to compare PA changes across
studies, and thus draw meaningful conclusions. Though research, overall, provides
encouraging evidence regarding the effectiveness of mHealth technologies for PA
promotion in multiple populations. Despite the positive findings, availability of long-term
follow-up data s limited (Brickwood et al., 2019). Additionally, the effectiveness of mHealth
technology to increase adherence to and uptake of exercise, rather than PA alone, has
received less attention. Furthermore, mHealth technology interventions have seen
improvements in body weight (Pellegrini et al., 2012, Reijonsaari et al., 2012, Thompson et
al., 2014, Shuger et al., 2011), BMI (Pellegrini et al., 2012, Shuger et al., 2011), and blood
glucose levels (Hodkinson et al., 2021). Yet, other studies have reported no improvements
in secondary health outcomes such as blood pressure, cholesterol levels, weight, and BMI,
associated with the intervention (Hodkinson et al., 2021). Therefore, whether the mHealth
technologies used to promote PA can improve secondary health outcomes across longer

time periods deserves further systematic investigation.
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CHAPTER 3: GENERAL METHODS
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Several measurements undertaken in Chapters 4 and 5 are utilised in both studies. This
General Methods Chapter describes physiological measurement techniques, and data
analysis methods. Specific research designs, protocols and statistics for each study are

outlined within the respective chapters.

3.1. Data Collection

At least 3 days prior to the proposed testing date, participants were sent all the necessary
testing resources (direct to participants preferred address), including detailed instructions
(Appendix 1) for use via ParcelForce. The kit included a blood pressure monitor, CGM,
measuring tape, scales, PA monitors and a diet diary. Participants had a phone/video call
from the research team to discuss the testing protocol and answer any question that
the participants had. On the day of testing, a member of the research team was available

via phone/video call to provide support where required.

Testing was scheduled on a morning between 6am and 10am. Participants were asked to
abstain from any vigorous intensity exercise for 24 hours, alcohol for 12 hours and any
food/caffeine/stimulants for at least 6 hours prior to completing the testing procedure.
Participants were asked to drink a glass of water immediately before performing the

testing protocol.

3.1.1. Anthropometrics
Height and weight were measured using a tape measure (SECA 201, Germany) and digital
scales (Salter, China), respectively. Participants were asked to measure their waist
circumference by wrapping a tape measure (SECA 201, Germany) around their waist at the

level of the umbilicus whilst breathing out gently. This was repeated in triplicate.

45



Participants measured body mass using scales they already own. If participants did not have
scales, they were provided with these via post (Salter, UK). Height was measured using the
same measuring tape (SECA 201). BMI was calculated as body mass in kilograms divided by
height in metres squared (kg/m?). Participants rested in a seated position for 10 minutes
before measuring their blood pressure. Blood pressure was measured in triplicate, using
an automated blood pressure monitor validated by the British and Irish Hypertension
Society (UK, Salter BPA-9200-GB; CA, Bios BD215), leaving 1 minute between successive

measurements.

3.1.2. Physical Activity Monitoring
PA was monitored using a wrist-worn tri-axial accelerometer (GT9X, ActiGraph, Pensacola,
FL, USA). Participants wore the accelerometer on their non-dominant wrist for seven
consecutive days. Participants were instructed to remove the device for sleeping (if
preferred) and water-based activities. Accelerometers were initialised using Actilife
software (version 6.13.4). The accelerometer was pre-set to record at 30Hz to account for
transit in the post, while optimising the battery life of the device. Data were downloaded
using ActiLife version 6.13.4 (ActiGraph, Pensacola, FL, USA), and saved in raw csv format

for signal processing.
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Figure 3.1 ActiGraph GT9X Link

3.1.3. Continuous Glucose Monitoring
A CGM (Freestyle Libre Pro, Abbott Diabetes Care, Alameda, California, USA) was placed
subcutaneously at the tricep of one arm to measure interstitial fluid glucose levels. This
monitor was worn simultaneously with the PA and sedentary behaviour monitors for 7
consecutive days. Objective monitoring devices were worn for 7 days rather than 14, as
recommended in the current American Diabetes Association (ADA) guidelines (Battelino et
al., 2019, Danne et al., 2017) to reduce participant burden. Participants were instructed to
scan the sensor at the beginning and end of the monitoring period with a Freestyle Libre
Reader. The CGM device was blinded so that participants were not influenced to alter diet,

PA, or general lifestyle.
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/

Figure 3.2 Freestyle Libre Pro continuous glucose sensor (left) and monitor (right).
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3.1.4. Capillary Blood Sampling
Participants collected a 500pl capillary blood sample from a finger prick, using a
commercial blood collection kit, administered via Royal Devon and Exeter NHS Foundation
Trust (MonitorMyHealth.org.uk). Prior to collection, participants were instructed to wash
their hands with soap and warm water for 2 minutes, ensuring their hands were warm.
Participants cleaned their chosen finger with the alcohol prep pad and allowed to air dry.
The first drop of blood was washed away with gauze and participants then massaged their
finger to fill the tube to the correct level (500ul). Blood collection kit preparation and
sample analysis was performed by the Exeter Clinical Laboratory, based at the Royal Devon
and Exeter National Health Service (NHS) Foundation Trust. Samples were sent directly to

the Exeter Clinical Laboratory for analysis, via Royal Mail.

3.2. Data Analysis

3.2.1. Physical Activity Monitoring
The open-source R software package, GGIR beta v1.6-1, was used to analyse
accelerometery data. GGIR converted raw triaxial acceleration signals into one
omnidirectional measure of acceleration to signal vector magnitude (SVM) values (Van
Hees et al., 2014). SVM was then processed to remove the gravitational component and
noise from the raw signal to Euclidean Norm Minus One (ENMO). Parts 1 and 2 of the GGIR
software package were utilised in this study. During part 1 (g.partl), metrics for sensor
wear detection, PA and sleep analysis are extracted from the raw data (Migueles et al.,
2019). Part 2 (g.part2) identifies any unreliable signal sections and replaces the sections
with imputed values (Migueles et al., 2019). A descriptive analysis of the output is

performed via g.analyse and summarises it per measurement, per day and per segments
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of each day (Migueles et al., 2019). Part 2 also provided a visual report output with

timestamped ENMO values every 5 seconds of recording.

Accelerometer wear time inclusion criteria were at least 10 hours, for a minimum of 4 days
(including at least 1 weekend day). This has been demonstrated to be an appropriate period
of time to reliably estimate PA (Trost et al., Atkin et al., 2012; Aadland et al., 2013; Green
et al., 2014). Non-wear time was defined as = 60 minutes of consecutive zeros (Tudor-Lock
et al.,, 2012; van Hees et al., 2013) and was determined based on the SD and value range of
accelerations at each axis, calculated for 60-min windows with a 15-min sliding window
(van Hees et al.,2013). Timepoints with SD values < 13mg, or value range < 50mg, for at
least 2 out of 3 axes, were classified as non-wear (van Hees et al., 2013). Classification of
activity intensity was performed using adult-specific cut-points (Hildebrand et al., 2014;
Hildebrand et al., 2017). Inactive time was defined as time accumulated below 45 mg, light
PA was defined as > 46 and < 101 mg, moderate PA was defined as > 102 and <428 mg, and

vigorous PA was defined as = 429 mg.

3.2.2. Continuous Glucose Monitoring
Metrics of glycaemia were assessed in line with the ADA guidelines (Danne et al., 2017,
Battelino et al., 2019); mean glucose (mmol/L), coefficient of variation (CV) (%), % time
below range (TBR), % time above range (TAR), % time in range (TIR). Values for ranges are
reported in appropriate studies due to differing target ranges in different populations.
Metrics of glycaemia were assessed and reported for the full 7-day measurement period

(24 hours per day).
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CHAPTER 4: MOBILE HEALTH BIOMETRICS
TO ENHANCE EXERCISE AND PHYSICAL
ACTIVITY ADHERENCE AT LIMU
(MOTIVATE_LJMU): A MIXED METHODS
MODEL TO ASSESS FEASIBILITY OF HOME-

BASED TESTING
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CHAPTER 5: PHYSICAL ACTIVITY AND

GLUCOSE CONTROL ACROSS THE

PERINATAL PERIOD: DOES A RELATIONSHIP

EXIST?
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CHAPTER 6: PERCEPTIONS OF ANTENATAL

EXERCISE IN PREGNANT FEMALES AND THE

IMPACT OF COVID-19
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CHAPTER 7: SYNTHESIS OF FINDINGS
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7.1. Aims and Objectives

The overarching aim of this body of work was to investigate the acceptability and feasibility
of remote data collection to explore PA and glucose control across the perinatal period. In
addition, thematic analysis of semi-structured interviews aimed to identify pregnant
female’s perceived barriers to antenatal exercise and the impact of the COVID-19 pandemic

on the pregnancy experience.

This synthesis first conveys reflections from the researcher, which outline the unique
journey taken to produce this body of work. This synthesis then goes onto briefly
summarise the findings of the three research studies, presented within Chapters 4-6 of this
thesis. It then draws on the collective findings of the three studies to consider the practical

application of such findings and recommendations for future research.

7.2. Reflections

In this section, the researcher will refer to themselves in the first person to discuss

reflections from their PhD programme.

My PhD journey has been incredibly rewarding and valuable. | have gained a multitude of
skills and experiences that will contribute to my evolution as a researcher. These skills
include co-production of research studies, lab-based physiological testing techniques,
remote testing, as well as qualitative data collection in the form of interviews and the
processing/analyses of all aforementioned data sets. The qualitative study described in this
thesis is the first qualitative study | have conducted. | therefore undertook significant

training to conduct robust and transparent qualitative research methods. Despite initial
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trepidation, qualitative research has been an enjoyable feature of my PhD. Another first,
and unplanned element, of my PhD studies was coordinating remote research trials.
Conducting each aspect of a research trial over a combination of social media (recruitment)
and zoom/telephone calls (participant interaction including consent, data collection etc)
was demanding and, at times, frustrating. Importantly, | have learned how to pre-empt
challenges where possible and have further developed my communication skills to ensure
that the participant’s full understanding is achieved over a phone or video call. On
reflection, and particularly after reviewing the literature in relation to this unique aspect of
the trials, | identify this as a strength in our design and hope to incorporate this option in
future research design to promote inclusion of underrepresented groups which will

hopefully contribute to the important aspiration of bridging gaps in scientific literature.

Study design and data collection for Chapter 4 was conducted as part of a research team,
consisting of three academic staff, two post-doctoral researchers, two PhD candidates,
including myself, and an MPhil student. Working as part of this team taught me that
different people work effectively in different ways, and each have their own unique
strengths, therefore, clear communication and compromise are required to operate as a
successful and productive research team. Furthermore, when analysing data and drafting
this chapter there were wider inputs to consider than just those of my supervisory team.
Whilst this came with the obvious positive of more expert option to guide the evolution of
this work; more expert opinion can also be difficult to navigate. This has helped me to
appreciate the value of weighing up and fully understanding different perspectives before
reaching my own, informed, decisions. Ultimately, this experience has advanced my ability

to use my own initiative/lead autonomously and work as part of a team.
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To ensure optimal data collection, as participants were conducting their own
measurements at home, | created a series of instructional videos and booklets as
supporting aid for the participants. This required short and effective communication to a
range of individuals who were non-experts and in fact may not be familiar with any of the
health assessments we were asking them to carry out. This task challenged my ability to
communicate with non-specialist audiences and made me realise how essential this skill is
in human research. Moreover, | have also received recognition for presenting to a lay
audience during my PhD, as winner of School of Sport and Exercise Science Three Minute
Thesis competition (2021), where | presented an ‘elevator pitch’ of my PhD thesis in just 3
minutes. This has amplified my passion for translating clinical and scientific findings to end

users and my belief in my ability to do this.

As well as the many positive learning experiences and reflections, my PhD programme has
not been without challenge. | enrolled on this PhD in January 2019 and, following study set
up (sponsorship, ethical approval etc), began data collection for a longitudinal study
exploring cardiovascular and metabolic health during pregnancy. In March 2020, face-to-
face research was suspended indefinitely, resulting in the cancellation of several testing
sessions and a halt to recruitment. Given that the participants | was recruiting were
pregnant females, this resulted in the loss of data from several participants, as pregnancy
cannot be paused to account for a global pandemic and resultantly this longitudinal study
could not be completed. Initially, we had planned to resume the study (from scratch) but
once it became clear that face to face research would not resume anytime soon, my
supervisory team and | decided to design new studies that could be completed remotely in

order to complete my PhD within the proposed timeline. Despite feeling overwhelmed and
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uncertain about completely changing the scope of my PhD at the time, | have learnt a wider
variety of skills due to these changes and worked with a more diverse set of colleagues, for

which | am grateful.

The hurdles faced during my PhD programme demanded adaptability and practical
thinking. Being involved in the research design has also enhanced my understanding of the
research process. Taken together, my experiences during my PhD have moulded me into a

versatile mixed methods researcher.

7.3. Summary of Major Findings

Chapter 4 demonstrated that remote data collection is a feasible data collection technique.
Moreover, home-based exercise interventions that incorporate individualised support and
mHealth technology, were deemed effective to increase exercise intensity and improve
health outcomes in sedentary individuals. The key components of the home-based exercise
intervention included live visual and haptic feedback via mHealth technology with
information regarding timing of intervals or HR zone as well as individualised exercise
counselling consultations pre-intervention, and at regular intervals throughout the 12-

week intervention period (week 4, and week 12).

Chapter 5 identified negligible changes in glucose variability during pregnancy trimesters,
but a decrease in glucose variability at postpartum. The change in glucose variability at this
timepoint may indicate that glucose variability is increased during pregnancy before
returning to normal levels at postpartum, or that the postpartum period is a unique

timepoint in female metabolic health. Although likely influenced by breast feeding, the
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postpartum period could provide physiological insight into how to enhance female
metabolic health with ageing and poor lifestyle. Negligible changes in glucose variability
were evident despite increases in objectively measured light PA across the perinatal period.
Moreover, no relationship was evident between PA and glucose control during pregnancy
or at postpartum. Though, higher levels of PA and/or structured exercise may be required

to maintain metabolic health.

Chapter 6 highlighted access to credible information and better education is essential to
antenatal exercise in pregnant females during the COVD-19 pandemic. Direct psychosocial
support and clear, trustworthy information for pregnant females is essential. These
findings should be used to inform development of future exercise and PA interventions

strategies, inform guidelines, and educate healthcare practitioners.

7.4. General Discussion of Major Findings

The section that follows will discuss the major findings in this thesis under the themes of i)
glucose control in pregnancy, ii) PA in pregnancy, iii) remote testing, iv) the impact of

COVID-19 on maternal wellbeing.

7.4.1. Glucose Control in Pregnancy
Poor glucose metabolism leads to metabolic dysfunction, including T2DM (Nakrani et al.,
2020). Variability in glucose levels may occur due to physiological dysfunction and changes
in the circadian rhythm of endogenous hormones, nutrition, or PA (Wang et al., 2012).
Although glucose variability is typical, variability is magnified in sedentary, overweight, or
obese (but otherwise healthy) individuals (Salkind et al., 2014). Moreover, variability in

glucose levels during pregnancy have been related to adverse foetus development (Law et
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al., 2015, Murphy, 2019, Kristensen et al., 2019), and at postpartum have been associated
with impaired islet B cell function and therefore insulin resistance (Wang et al., 2015). PA
is well evidenced as beneficial to overall health and, to that end, physical inactivity is known
to increase the risk of developing T2DM and CVD (Chan et al., 2004). Moreover, PA in
pregnancy has a beneficial effect on glucose control and has been associated with a
reduced risk of GDM (Aune et al., 2016). In order to identify intra- and inter-day glycaemic
excursions, CGM can be utilised as an effective measure of continuous real-time

measurements of glucose levels (Yogev et al., 2004).

One of the novel aspects of this thesis was to examine glucose variability across the
perinatal period in healthy individuals that disaggregated data by trimester and
postpartum. Previous literature has examined glucose variability in pregnant females with
type 1 diabetes (Kristensen et al., 2019, Murphy, 2019), or both type 1 and type 2 diabetes
(Law et al., 2015), and reported an association between higher glucose variability and
adverse birth outcomes (Kristensen et al., 2019, Murphy, 2019, Law et al., 2015). These
data therefore demonstrate the potential importance of measuring glucose variability and
the need for further research with a formation of healthy reference values across the
perinatal period. Chapter 5 observed no change in glucose variability occurred from T2 to
T3, followed by a non-significant decrease in glucose variability postpartum. Given the
study design, whereby data were disaggregated by trimester and therefore a wide range in
weeks gestation within a trimester was evident, no change in variability from T2 to 3 may
not be surprising. Differing sleep and eating schedules, as well as the potential addition of
breastfeeding, may also influence glucose variability at this timepoint. Twenty-two
participants in Chapter 5 (81% of participants who answered the question) reported

breastfeeding.(Gunderson et al., 2012) Moreover, breastfeeding has been shown to have
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a beneficial effect on mean fasting glucose, total area under the glucose tolerance curve,
and mean 2-hour glucose levels in females with prior GDM (Kjos et al., 1993). Further
research should assess changes in glucose variability from prepregnancy to postpartum
with comparison to non-pregnant controls to understand whether glucose variability does
in fact increase during healthy pregnancy and decrease at postpartum, or whether
postpartum presents a unique timepoint that could provide useful information for long-

term maternal health.

An additional novel element of this thesis was assessment of the relationship between PA
and glucose control across the perinatal period, disaggregated by trimester and
postpartum, using objective continuous assessment methods. Recently, research has
observed a significant relationship between PA and glucose variability, whereby increased
PA was associated with decreased glucose variability (Behravesh et al., 2021). The
prospective study by Behravesh and colleagues (2021) collected objective continuous data
over 20 gestational weeks in 15 healthy pregnant females. However, as discussed in
Chapter 5, authors did not disaggregate data by trimester despite previous research
highlighting trimester-specific differences in maternal glucose excursions (Law et al., 2015).
Chapter 5 contradicted these findings and instead reported no relationship between PA
and glucose variability across the perinatal period, disaggregated by trimester and
postpartum. It is plausible that the differences observed between this thesis and research
by Behravesh and colleagues (2021) may be dependent on differing glucose variability
measurement methods (e.g. glucose rate of change and CV) or statistical analyses

(incorporating all data points or averaged weekly data).
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Another possible explanation for the lack of relationship between PA and glucose control
observed in Chapter 5 could be due to the low levels of PA recorded by participants. Cross-
sectional studies utilising accelerometery data have previously demonstrated that total PA
is strongly associated with first-phase insulin secretion and estimated insulin sensitivity in
non-diabetic pregnant females (Pomeroy et al., 2013, Gradmark et al., 2011). Moreover,
higher levels of habitual walking have been associated with reduced non-fasting glucose
levels in pregnant females with (Hayashi et al., 2018) and without GDM (Hayashi et al.,
2016). The low PA levels recorded in Chapter 5 may be attributed to barriers identified by
pregnant females in Chapter 6, such as limited access to classes and facilities during the
COVID-19 pandemic and lack of time. A greater range in participant’s activity levels may
yield different findings in Chapter 5. Furthermore, increases in PA intensity or volume may
positively impact glucose control across the perinatal period. Additionally, night-time PA or
sleep, which is known to possess a substantial influence on glucose metabolism (Byberg et
al., 2012), were not measured in Chapter 5. Longer sleep duration has been associated with
a 25% decreased risk of impaired glucose regulation, whilst greater sleep quality has been
associated with increased insulin sensitivity (Byberg et al., 2012). Further studies in healthy
populations, therefore, should acknowledge this important variable and, accordingly,
monitor sleep and night-time PA to examine their impact on glucose homeostasis across

the perinatal period.

7.4.2. Physical Activity in Pregnancy
In Chapter 5, an increase in light PA across the perinatal period was observed. These
findings are supported by Hesketh and colleagues (2018) who measured PA at T2, T3, and
3-, 6-, 9-, and 12-months postpartum using wrist-worn accelerometers (ActiGraph GT3X+
with Troiano et al. (2008) cut-points). This increase observed in light PA, despite no
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detected change in MVPA, may reflect changes in activity type during the transition into
parenthood (Borodulin et al., 2008). Nevertheless, low levels of PA were reported at all
time-points measured in Chapter 5. Thematic analysis of semi-structured interviews in
Chapter 6 revealed perceived barriers to antenatal exercise in pregnant females. Findings
demonstrated the importance of credible information and better education to encourage
antenatal exercise. Females reported struggling to exercise during pregnancy due to
experiencing pregnancy symptoms such as nausea, pelvic girdle pain and fatigue.
Additionally, participants acknowledged that accessibility, whether that be to facilities or
time, had a significant influence on their PA during pregnancy. These barriers were in line
with previously reported barriers to antenatal exercise (Yusof et al., 2020) and may have
contributed to the low levels of activity observed in Chapter 5. Taken together, Chapter 6
findings suggest that interventions to increase PA in pregnant females should incorporate
peer support and educational strategies. Chapter 4 demonstrated the effectiveness of
home-based exercise interventions, that incorporate individualised support and mHealth
technology in sedentary individuals. Home-based exercise interventions that include peer
support from credible sources, such as the newly established Clinical Exercise Physiologist
professional title (Jones et al., 2021), may be a feasible strategy to increase PA in pregnant
females and reduces several the previously discussed identified barriers, such as lack of

facilities, time, and education.

Government restrictions to decrease transmission of COVID-19 included prohibiting non-
essential travel and allowing only 1 hour of outdoor exercise per day. These restrictions
reduced opportunities for exercise. Moreover, fewer, and shorter healthcare
appointments for pregnant females could have reduced opportunity for PA advice. Despite

the known, and previously discussed, benefits of antenatal PA, the Active Pregnant
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Foundation survey found that 50% of participants were performing less PA during
lockdown in comparison to before restrictions were imposed (Active Pregnancy
Foundation, 2020). Findings from Chapter 6 identified midwifery appointments as a
significant opportunity to promote antenatal PA. Additionally, Chapter 6 revealed that
pregnant females felt they lacked sufficient time to exercise, which may have been
exacerbated due to closure of schools and childcare facilities with government restrictions.
These qualitative findings may therefore help contextualise low PA levels observed in
Chapter 5. Moreover, the increase in light PA levels observed across the perinatal period in
Chapter 5, may be in fact due to relaxation of government restrictions, subsequently aiding
PA participation. Therefore, it is acknowledged that these data collected during this unique
period may not be directly comparable to previous literature. Findings from Chapter 6
suggest that midwifery appointments may be an effective opportunity to enhance
awareness and understanding of PA guidelines. Yet, research has identified a limitation in
training, knowledge, confidence, time, resources, and perceptions of vulnerability as
barriers to effective PA promotion (De Vivo and Mills, 2019). Accordingly, HCP and

midwifery education on antenatal PA and exercise should be considered a priority.

7.4.3. Remote Testing
Benefits of remote data collection could include wider accessibility for groups traditionally
underrepresented in research by decreasing or altogether eliminating research facility
visits. Yet, the feasibility and acceptability of remote data collection required investigation
to understand the effectiveness of this study design. Chapter 4 demonstrated that remote

data collection is feasible and identified issues that may improve data capture (Table 7.1).
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Feasibility was supported by the low percentage of missing data Chapters 4 (16%) and 5
(12%) and encouraging qualitative survey and interview data obtained in Chapter 4.
Remote data collection also allowed greater access and inclusivity in those from a range of
socioeconomic backgrounds in Chapters 4, 5 and 6 as measured using IMD (3 £ 1 AU in all
Chapters) and the range in distance from the research facility to participant homes
(Chapter 4: 35.52 + 74.27 miles; Chapter 5: 78.15 £ 94.15 miles; Chapter 6: 80.92 + 92.68
miles drive). These promising findings in sedentary adults and pregnant females
demonstrate the potential of an innovate research design, such as remote data collection,
to promote health equity within research. However, common variables included within
exercise intervention studies, such as VOamax to measure CRF, are difficult to measure
remotely. Several promising studies have investigated mHealth technology estimates of
CRF; they have observed that smart watches provide consistent and unbiased, albeit
overestimated, estimates of CRF, suggesting that this is appropriate for repeated measures
designs to detect change (Freeberg et al., 2019, Klepin et al., 2019, Carrier et al., 2020).
Nevertheless, further research to validate reliable CRF estimation using mHealth
technologies for use within clinical research remains warranted. Moreover, data collection
investigating the validity and reproducibility of remote data collection in comparison to

laboratory data collection is underway in our laboratory.

Table 7.1. Evaluation of remote measurement techniques, identification of changes made
to data collection, and the implications of these changes.

Issue identified in Chapter | Change in Chapter 5 Implications of change

4 methods

51% valid PA monitoring Use of participant diary to | Greater amount of valid PA

data collected at post- increase uptake and monitoring data (86% at

intervention remind participants to T2, 87% at T3, 86% at T4).
wear monitor

69



Missing lipid blood Increased emphasis on the | Missing lipid blood

collection data (72% at volume of sample required | collection data was
post-intervention), within resources and from | reduced (11% at T2, 23% at
primarily due to researcher at pre-testing T3, 18% at T4).

insufficient volume of meeting. Researchers to

sample or haemolysed stress the importance of

sample allowing disinfectant on

the finger prick site to dry
and drinking a sufficient
amount of water prior to
collection to minimise risk
of sample haemolysis.

7.4.4. The Impact of COVID-19 On Maternal Wellbeing
The COVID-19 pandemic also presented many difficulties for pregnant females, specifically,
as they were identified as a vulnerable group to the virus (Di Mascio et al.,, 2020) and
advised to take additional precautions to prevent infection. Prevalence of increased anxiety
and depressive symptoms during pregnancy have been associated with COVID-19 related
worries (Lebel et al., 2020). Moreover, pregnant females did not have the ‘pregnancy
experience’ they envisioned, which may increase feelings of anxiety and depression.
Interview data from Chapter 6 provided significant insight into female’s perceptions of
COVID-19 and its impact on their pregnancy experience. Likewise, to Karavadra and
colleagues (2020), several pregnant participants expressed concern about a hospital
delivery due to fear of COVID-19 and uncertainty regarding restrictions, leaving several
contemplating a home birth. The uncertainty regarding restrictions and frequent
modification of rules for pregnant females may negatively impact female’s emotional
wellbeing (Giurgescu et al., 2006). Furthermore, research has suggested that females with
prenatal depression are at a higher risk of poor diet quality compared with pregnant
females without prenatal depression (Avalos et al., 2020). Therefore, increased prevalence
of anxiety and depressive symptoms due to the COVID-19 pandemic in pregnant females

may negatively impact nutrition, and consequently have an influence on glucose control
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measured in Chapter 5. Notably however, participants in Chapter 6 recorded low levels of

anxiety and depression. Thus, findings from interviews in Chapter 6 and influences on

glucose control in Chapter 5 may be more pronounced in pregnant females with higher

anxiety and depression scores.

7.5. Implications of Findings

The key implications of the work within this thesis are presented in Table 7.2.

Table 7.2. Implications of Findings.

Major Finding

Implication

Remote data collection is feasible

Remote data collection should be viewed
as an important and feasible facilitator to
target individuals who typically lack access
to and knowledge about clinical trials.
Continuation of remote data collection
can enable involvement and, thus,
representation of hard-to-reach
populations like rural residents and those
living a great distance from research
facilities. Furthermore, remote data
collection could be adopted within
healthcare if proven valid, reliable, and
economically viable within this setting.
This practise could decrease health
disparities and promote future health
equity.

Importance of direct psychosocial support
and clear, trustworthy information to
increase antenatal exercise for pregnant
females.

These findings can be used to inform
future development of comprehensive
and appropriate promotional strategies
for antenatal exercise.

Semi-structured interviews revealed that
pregnant females found it difficult to find
time to exercise.

Findings from Chapter 4, for example
positive participant perceptions of the
exercise intervention including guidance,
social support, and flexibility, provide
rationale to investigate whether the same
home-based intervention could be an
effective strategy to increase PA in
pregnant females.
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Non-significant decrease in glucose These data imply that glucose control may
variability at postpartum in comparison to | be compromised during pregnancy,
during pregnancy. perhaps to support the needs of the
growing foetus.

No relationship between PA and glucose It is possible that this occurred due to low
control was observed across the perinatal | levels of PA recorded at all timepoints.
period. These low levels of PA reported in females

across the perinatal period may have been
driven by COVID-19 restrictions.

PA; physical activity, COVID-19; corona-virus pandemic 2019.

7.6. Methodological Considerations and Limitations

There are several strengths in the methodology of this thesis. Chapter 4 is the first
exercise/PA intervention study to our knowledge to employ a wholly remote study design,
and therefore the feasibility of this approach was assessed. Moreover, to the authors
knowledge, Chapter 5 is the first study to investigate glucose variability across the perinatal
period and assess the relationship between PA and glucose control disaggregated by
trimester and postpartum. Additionally, Chapter 6 utilised a rich and in-depth approach,
via thematic analysis of semi-structured interviews, to directly explore the perceptions of
antenatal exercise in pregnant females and the impact of the COVID-19 pandemic on their
pregnancy experience. Remote data collection allowed nationwide participation in all
studies in this thesis, therefore allowing capture of a representation of the UK population
and increased access and inclusivity in studies in those from a range of socioeconomic
backgrounds. Furthermore, a thematic analysis approach as detailed by Braun and Clarke
(2006) is a rigorous strategy that produced an insightful analysis of semi-structured

interview data.

Despite these methodological strengths, several limitations are also apparent within this

thesis. Firstly, remote data collection employed in Chapters 4 and 5 prohibited the ability
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to ensure control of diet and exercise prior to testing measurements. Moreover, the
interventions employed within Chapter 4 required participants to have access to a
smartphone and Wi-Fi/data plan, therefore may have excluded participation from
exceptionally low socioeconomic groups. Additionally, although the researcher provided
participants in Chapters 4 and 5 with detailed verbal and written information regarding
how to perform the testing measurements, it is unknown whether participants recorded
and reported data correctly. Chapters 4 and 5 also collected CGM over 7 consecutive days,
despite guidelines recommending 14 days of wear to allow broad glucose assessment.
Reducing wear-time from 14 to 7 days was decided to reduce participant burden whilst
maintaining inclusion of weekdays and weekend days. In Chapter 4, CGM data obtained
was not disaggregated for sex, despite NIH guidance (National Institutes of Health, 2015),
due to the feasibility study design. Therefore, there was a lack of understanding of sex-
specific physiological differences to the exercise intervention conducted. However,
unsurprisingly, limited changes were observed in both sexes in response to a 12-week

exercise intervention due to the healthy, albeit sedentary, participant group.

No follow-up data were collected following the 12-week exercise interventions in Chapter
4. Therefore, it is unknown whether the exercise intervention strategies employed are
effective in eliciting a behaviour change or if feedback and monitors were exclusively
responsible for short-term changes in habitual activity behaviours. This, consequently,
restricts understanding of the long-term effects of the prescribed exercise. Based on the
preliminary effectiveness findings from this Chapter, RCTs employing the same
intervention design should be conducted with a follow-up assessment at 3 months and 1-
year post-intervention to investigate medium-term and long-term behaviour change,

respectively. Due to remote data collection strategies employed throughout this thesis,
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semi-structured interviews in Chapter 6 were conducted via phone or video call. This meant
that external influences (i.e. children, partner) could not be controlled. Therefore, external
influences may have affected participant’s interview answers and restricted deeper

conversations regarding peer support.

Furthermore, findings in Chapter 5 may be in part attributed to relaxation of government
restrictions that aimed to reduce the transmission of COVID-19. Similarly, changes in PA
observed in Chapter 4 may also be attributed to changes in government restrictions.
Therefore, we cannot make causal inference from these data. Semi-structured interviews
were conducted between November 2020 and May 2021, encompassing a period whereby
restrictions were frequently changing. These restrictions included two separate national
lockdowns as well as local lockdowns (Institute for Government, 2021). Perceived barriers
to antenatal exercise and perceptions of the pregnancy experience may therefore be
specific to a particular time certain restrictions were in place. Subsequently, caution should

be applied when relating these findings to all pregnant females.

7.7. Recommendations for Future Directions

Based on the evidence presented in this thesis, there are several key areas in which future

studies can build upon to enhance understanding further.

1. Further examination of the validity and reproducibility of remote data collection is

required. Laboratory data should be collected in a short time frame to home-based

collected data for comparison. This work is currently underway in our laboratory.
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Further examination of the validity of CRF estimation using mHealth technologies
for use within remote clinical research would provide greater insight to the
effectiveness of home-based exercise interventions and their efficacy to decrease

all-cause mortality.

Based on findings in Chapter 4, a definitive RCT should explore the effectiveness of
a home-based exercise intervention using mHealth technology and exercise
counselling to improve PA and health outcomes, assessed using remote data

collection techniques, in sedentary individuals.

Further to Chapter 5, large-scale longitudinal studies, incorporating monitoring of
sleep, diet, and 24-hour PA during pregnancy with GDM and postpartum following
GDM, should be conducted to confirm whether a relationship between PA and

glucose control exists across the perinatal period in this population.

Building on point 4, a study including a supervised exercise intervention during
pregnancy with GDM, which aims to achieve 150 minutes of moderate-intensity or
75 minutes of vigorous-intensity PA per week, should determine the influence of

exercise intensity on the relationship between PA and glucose control.

Based on findings detailed within Chapter 6, efforts to enhance pregnant female’s
awareness and understanding of the UK antenatal PA guidelines should be
considered a priority, central to this is HCP and midwifery education on antenatal
PA and exercise. Future research should aim to design and systematically evaluate
the implementation and impact of such promotional strategies that take into
consideration pregnant female’s perceived barriers and facilitators to exercise.
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Appendix 1. Participant checklist for home-based testing measurements.

YOUR CHECKLIST

Have you...

D Not eaten for 5 hours

C] Had a glass of water

D Bloods kit

Do you have everything?

D Testing booklet

Thin, flat object (e.g. a
magazine, place mat, iPad)

D Tape measure D Physical activity monitor

D Scales

D Blood pressure monitor

[:] Flash glucose monitor

INSTRUCTIONS

Refer to the testing booklet for more details on measurements.

Height

. Do you know your height in cm or feet and D
1[,, inches? If so, enter the measure and skip to
#5.

23 With bare feet, stand against a wall.

Place flat object on your head and place a
32 mark at the point where the object meets the D
wall with the sticker provided.

as Measure the distance from the floor to the D
° sticker with the tape measure.

Weight

5e Place scales on non-carpeted floor and stand
° on themto measure your weight.

Waist and hip circumference

, Liftup clothing, thenwrap the tape measure
(oK around your waist at the level of your belly
button. Breathe out and record the result.

Take the tape measure and wrap it around D

72 the largest part of your hips and record the
result. Repeat both waist and hips 3 times.

Blood pressure

8: Rest for 10 minutes before measuring your D
° blood pressure.

9: Remove any clothing from your upper arm. D

1@, Wrap the cuff around your upper left arm and
° place your armon table or arm rest of a chair D

11, Press START/STOP. Be still, don’t talk and
° relax throughout the test.

12¢ Repeat this 3 times with one minute rest in D
between measurements.

RESULTS

D Measurements

Height

Weight

Waist
Circumference #1
Waist
Circumference #2
Waist
Circumference #3
Hip
Circumference #1
Hip
Circumference #2
Hip
Circumference #3
Blood Pressure
#1
Blood Pressure
#2
Blood Pressure
#3

Write all your measurements in this box.

Results

Turn over the page to

continue the testing...
If at any time, you wish to speak

to a member of the research
team, please email
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YOUR CHECKLIST

o
o

23

Refer to the testing booklet for

more details on these
measurements.

24

INSTRUCTIONS continued

Blood collection

Wash your hands in warm water for 2
138 minutes, and dry. Have tissue ready
to help during collection.

25

D 263
D 273
O

Clean your little finger with the
alcohol wipe.

14:
15

Twist off the cap from the lancet.

28

Place the lancet on the outside of the
little finger & apply pressure until
you hear a click and feel a scratch.

o

162
29:

Wipe the first drop of blood away with
some tissue.

173

Massage the side of the hand from
the wrist to the finger. As blood
droplets form, gently touch them on
the inside edge of the collection tube.

18:

o

D 30
Fill the collection tube until 500ul. D 310

O

190
20

Replace the lid of the collection tube
and invert the tube several times.

o
Clean the finger with tissue and apply 32:
pressure, put on a plaster if needed.

21;

Place the collection tube back into the
plastic clamp shell & seal.

U,
O

Pack the plastic clamp shell into the

233 prepaid envelope and post on the
same day.

If at any time, you wish to speak to a
member of the research team, please
email

Glucose monitoring

Clean the back of your arm with an
alcohol wipe & allow to dry.

O

Unscrew the cap from the grey
applicator and open the white sensor.
Insert the grey applicator into the
white sensor by lining up the dark
lines.

On a hard surface, press down firmly
on the grey applicator until it clicks
and comes to a stop.

Lift the sensor applicator out of the
sensor pack. Be careful not to touch
inside the sensor applicator.

Place the applicator over the clean
area at the back of your arm and push
down firmly to apply the sensor to the
body.

Gently pull the sensor applicator away
from your body. Make sure the sensor
is secure. Wear for 7 days.

Scan the sensor with the reader to

ensure the sensor is working. If itD
does not work, please contact us.

Physical activity monitoring

Wear the monitor on your non-
dominant wrist (e.g. if you're right-
handed, wear it on your left) for the
next 7 days.

Fit the sitting monitor by following
the guidance provided. Make sure it
is securely attached and watertight.

Post both the Physical Activity
Monitors, the diet diary, and

Glucose Sensor & Reader, using the
prepaid envelope.

O

Diet dia

Record every food and drink that you
consume every day for 7 days
including the size of the portion.
You can choose to record your diet
using the MyFitnessPal app with a
study specific email and password if
you prefer.

O
O

Questionnaires

Open the Google Survey link sent to
you via email.

O
O

Complete the questionnaire.
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Appendix 2. Topic guide baseline interviews.

Key questions

Probes

- How did you find the resources

o How did it help (videos, booklets,
checklist, phone call with
researcher)

and training provided before the
home testing?

o Would you have found it useful for
the researcher to be with you during
the testing, via video or phone?

o Recommendations for improvement

- Did you have any issues receiving
the testing package?

- What did you think about the

o Thoughts on specific outcome
measures
(questionnaires/bloods/blood
pressure etc)

measures you collected during the
scheme?

o Understanding; interest; comfort;
difficulty

o Number of measures

o Do you think we measured
important outcomes?

o Activity monitor

- What did you think about the 7-

o Understanding; interest; comfort;
difficulty

day period where you wore the PA

o Number of measures

monitor and CGM?

o Do you think we measured what was
important? Did we miss anything?

o Was it easy to return the monitors
to the research team?
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Appendix 3. Survey questions post-intervention for mHealth participants.

Question

Did you find any factors particularly helpful in increasing your exercise levels?
Please provide up to three facilitators

What barriers did you face to increasing your exercise levels? Please provide up
to three barriers

What did you like about the extra support (e.g., Polar Flow app, fitness watch,
counselling sessions and feedback from researcher and HR feedback during
exercise)? What could be improved?

What did you like about the counselling sessions? What could be improved?

What did you like about the text messages? What could be improved?

Were there any challenges to accessing or using the participant app? How could
these challenges be overcome?

Were there any challenges to using the fitness watch? How could these
challenges be overcome?

Were there any challenges to using the website? How do you think these
challenges could be overcome?

Appendix 4. Survey questions post-intervention for online resources participants.

Questions

Did you find any factors particularly helpful in increasing your exercise levels?
Please provide up to three facilitators

What barriers did you face to increasing your exercise levels? Please provide up
to three barriers

Were there any challenges to using the website? How do you think these
challenges could be overcome?

102



Appendix 5. Topic guide for semi-structured interviews.

Key questions

Probes

- Canyou tell me about your
previous experiences of exercise
prior to pregnancy?

o Main barriers and benefits

o What impact, if any, do you think
your regular occupation has on your
overall level of PA?

o What did you find difficult about
exercise before pregnancy?

- I'd like to move on to talk a bit
about your experiences of

- At what week of pregnancy did
you begin self-isolating?

o What did you find difficult?

o How was this experience?

pregnancy throughout lockdown..

o How did lockdown impact daily life?

- What was the main or most
difficult change with lockdown?

o Any difficulties with social
connection or isolation?

o Changes in occupation, were you
able to work from home?

- Thinking about your experiences
of lockdown, how did this impact
upon your exercise routine and
diet?

- What has your experience of
pregnancy throughout lockdown
been like overall?

- Tell me about your experience of
healthcare during pregnancy

o Different to or same as before?

o What impact, if any, has this had on
your pregnancy experience?

o What would you have liked
instead/in addition?

- Can you tell me about your
perceptions of exercise during
pregnancy?

o In what way do you feel that advice
from your midwife/healthcare
professionals influence your decision
to perform exercise during
pregnancy?

o Motivation — what is motivating you
or could help to motivate you?

o Support from family/friends?

o What challenges do you forecast for
exercising during your pregnancy?
How will you overcome these?

o Thinking about your previous
experiences of exercise, in what way
—if at all — do you feel these impact
upon your decisions to
continue/stop exercise in
pregnancy? Have your previous
activity levels influenced your
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decision to continue/stop exercise in
pregnancy?

Can you tell me about any goals
you might have in mind that you
would like to achieve during your
pregnancy?

o Health related/exercise related?

o Future intentions post pregnancy?

Can you tell me about how you
are feeling about preparing for
labour?

o Birth plan, any specific preparations
(e.g., NCT classes).
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